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GENERAL INTRODUCITON 
Technological advances have led to increasingly intensive agricultural practices in the 
midwestern United States. With intensive agricuture came increased use of machinery, 
single cropping systems, and agricultural chemicals. These advances allowed a farmer to till 
more land than in the past and, subsequently, farm sizes increased. In Iowa, the average 
fann size doubled from 1940 to 1987 (U.S.D.A. 1988). Intensive agriculture, coupled with 
this increase in farm size, led to the destruction of much of the native grassland and wetland 
habitat in the midwest. Nearly 100% of the wetlands and presettlement prairie have been lost 
in Iowa alone (Bishop 1981, Smith 1981). In light of the loss of native habitat, the 
importance of areas that provided a "substitute" habitat for some species has heightened. 
These substitute areas include: fencerows, roadsides, pastures, cropfields, and grassed 
waterways. Increasing farm size, however, has begun to encroach on these areas as well, 
which is exemplified by the accelerated removal offencerows (Vance 1976). 
In recent years, the need for management recommendations for wildlife in agricultural 
areas has received considerable attention (e.g., Best 1983, Castrale 1985, O.T.A. 1985, 
Basore et aI. 1986, Ryan 1985, Frawley 1989). Grass waterways have been promoted for 
their benefits to wildlife, but to date, use of grassed waterways by wildlife has not been 
documented in the literature. My study will not only answer questions concerning wildlife 
use of grassed waterways, but also will provide some much needed recommendations 
concerning management and establishment of grassed waterways for landowners and others 
interested in enhancing these areas for wildlife. 
Explanation of Thesis Format 
The alternate thesis format was used to prepare this thesis. In accordance to the 
guidelines provided for this format, the sections are written in the accepted sty Ie for 
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submission for publication in scientific journals. Section I deals with species richness and 
bird abundance patterns in grassed waterways in Iowa rowcrop fields. Section II reports 
productivity of birds in grassed waterways. Data acquisition, statistical analyses, and the 
preparation of the text for both sections were the responsibility of the candidate; however, 
guidance and editorial advice were supplied by Dr. Louis B. Best. 
SECTION I. 
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BIRD ABUNDANCE AND SPECIES RICHNESS 
PATTERNS IN GRASSED WATERWAYS IN IOWA 
ROWCROp· FIELDS 
4 
ABSTRACT 
Grassed waterways have been used for decades to prevent soil erosion in agricultural 
cropland, but their benefits to wildlife had not been evaluated previously. We documented 
bird species composition and relative abundance during the breeding season in 44 waterways 
in central Iowa. The waterways were planted predominately to smooth brome and were in 
cornfields and soybean fields. Forty-eight bird species were observed in waterways, 
compared with only 14 in the surrounding crop field. Red-winged blackbirds (Agelaius 
phoeniceus), dickcissels (Spiza americana), barn swallows <Hirundo rustica), western 
meadowlarks (Sturnella neglecta), brown-headed cowbirds (Molothrus ater), grasshopper 
sparrows (Ammodramus savannarum) and song sparrows (Melospiza melodia) were the 
most abundant bird species in the grassed waterways. Total bird abundance in the grassed 
waterways averaged 2,198 birds/H)() ha compared to 682 birds/IOO ha in crop fields. 
Several waterway characteristics (e.g., grass and forb coverage, vegetation height and 
density) were significantly (P.$ 0.05) related to bird species richness and abundance in 
waterways. Bird use of waterways also was affected by the proximity of the waterways to 
diverted areas and by certain agricultural disturbances. In fields where crop rows ran 
perpendicular to the waterways, the increased fann vehicle disturbance in the waterways 
discouraged bird use of the waterways. Mowing, which drastically altered the structure of 
the habitat, greatly influenced bird use of the waterways; some bird species preferred mowed 
waterways, others preferred unmowed. Temporal patterns in bird abundance were attributed 
primarily to aspects of the waterways and surrounding cropland, such as crop and vegetation 
height, that changed over time. Bird abundance was greater in the segment of the waterways 
adjoining another habitat type than in segments farther from the edge habitat. Because most 
(53%) of the species were at peak abundance in the waterways during 4 - 22 July, 
waterways should not be mowed until the end of August or early September. 
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INTRODUCTION 
Grassed waterways have been promoted by the U.S. Soil Conservation Service to 
prevent soil erosion since 1947 (Temple 1983). They are "natural or constructed channels 
that have been shaped to transport water at a nonerosive velocity from fields, diversions, 
terraces, and roadside ditches." Grass species planted in the channel are determined by 
geographic location and erosion potential. These species are predominantly cool season 
grasses because of their quick establishment and even, dense growth (U.S.S.C.S. 1975). 
From the outset, waterways have been promoted for their benefits to wildlife, particularly 
ring-necked pheasants (for scientific names of bird species see Table 4a) and other upland 
game birds. Studies have been conducted on some linear habitats associated with 
agricultural cropland (e.g., fencerows: Allen 1941, Best 1983, Shalaway 1985; sheIterbeIts: 
Yahner 1982, 1983a,b), but, to date, use of grassed waterways by wildlife has not been 
documented. Basore et aI. (1986) included grassed waterways in an assessment of bird 
nesting densities and nesting success, but the waterways were not distinguished from other 
types of strip cover. High densities of nesting birds have been found in narrow habitats 
comparable to grassed waterways (e.g., Shalaway 1985, Basore et al. 1986). Therefore, 
similar densities also may be found in waterways, particularly for grassland species. 
The need for research on waterways became even more important with the passage of the 
1985 Farm Bill. The Conservation Compliance Provision requires landowners to implement 
a conservation plan if they continue to farm annually tilled crops on highly erodible land. 
This is expected to increase conservation tillage, terracing, and the number of grassed 
waterways (V.S.D.A. 1986). In Iowa there are 99 counties, and in Marshall County alone, 
over 50 waterways were constructed from 1983-1987 (D. Baloun, U.S.S.C.S., pers. 
. . . 
comm.). In light of the high rate offencerow removal (Vance 1976), the increase in the 
number of grassed waterways will assume even greater importance as wildlife habitat in 
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agricultural areas. Therefore, management guidelines are needed for the establishment and 
maintenance of the growing number of grassed waterways to improve their value for 
wildlife. 
The objectives of our study were: 1) to ascertain which avian species use grassed 
waterways during the breeding season and to what extent, 2) to assess the influence of 
various waterway characteristics on bird use, and 3) to develop waterway management 
strategies for landowners and others interested in enhancing these areas for wildlife. 
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STUDY AREA 
The waterways chosen for study were in Story and Marshall counties in central Iowa. 
This area is nearly level to gently rolling. The average daily maximum temperature in 
summer is 300 C, and the mean midday relative humidity is 60%. Total annual rainfall 
averages 86 cm, with 61 cm of this falling between April and September (Oelmann 1981). 
Waterways were selected in cornfields and soybean fields because these constitute 76% of 
the cropland in Iowa (U.S.D.A. 1988). Also, fields with reduced tillage (Le., no fall 
plowing) were chosen to avoid extremes in tillage practices that might influence birds' use of 
the waterways (Basore et aI. 1986). Reduced tillage is the prevailing practice in Story and 
Marshall counties. 
A random sample of 60 waterways in Story and Marshall counties, that met U.S. Soil 
Conse~ation Service specifications (U.S.S.C.S. 1975), was characterized on the basis of 
plant species seeded in the waterway, the waterway configuration (linear vs. dendritic), and 
whether or not the waterway was connected to other strip cover. According to 
specifications, waterways are trapezoidal or parabolic in cross section, vary in length, and 
range from 9 to 30 m wide. Ninety percent of the sampled waterways were planted to 
smooth brome (Bromus inermis) or predominately smooth brome mixes, including orchard 
grass (Dactylis glomerata), reed canary grass (Phlarais arundinacea), timothy (Phleum 
pratense), and switchgrass (Panicum virgatum). Sixty-three percent of the waterways were 
linear or had relatively few smaller, divergent channels, and 37% were dendritic. Ninety-
five percent of the waterways were connected on one or both ends to roadside ditches, 
fencerows, or other drainage areas; the remainder (5%) were unconnected, ending in the 
fields. 
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METHODS AND MATERIALS 
Study Site Selection . 
The 44 waterways selected for study (1987:!l = 24, 1988:!l = 20) represented the 
predominant waterway characteristics described previously, i.e., they were planted to 
smooth brome, straight, and connected to strip cover. The waterways selected varied in 
width and length. 
To facilitate comparing variables measured within each waterway, the 24 waterways 
were chosen for study in 1987 according to 6 classes based on length and width. To 
determine these classes, the initial random sample of 60 waterways described in STUDY 
AREA was divided into groups, with an effort made to balance the number of waterways' 
within each class and the range of each class. The width classes were 9.0-11.5 m (28% of 
the total random sample), 12.0-14.5 m (46%), and 15.0-30 m (26%); and the length classes 
were 60-304 m (27%), 305-609 m (28%), and >609 m (45%). Because certain widths and 
lengths were more prevelant than others, the most common width class was used when 
comparing among length classes and vice versa. Thus waterways chosen for the 3 width 
classes were all from the >609 m length class (Le., length was held constant). Likewise, 
waterways selected for the 3 length classes were all from the 12.0-14.5 m width class. 
Twenty of the waterways were in fields with corn residue; the remaining 4 were in fields 
with soybean residue. 
In 1988, we selected 20 other waterways based on the habitat types adjoining the ends of 
the waterways. Five habitat types were chosen for study, with 4 waterways in each: 
farmsteads, creeks, woodlots, pastures, and herbaceous fencerows. To increase sample 
sizes, after preliminary analysis, the habitat types were consolidated into 2 groups' 
distinguished by presence or absence of trees/shrubs (i.e., woodlots, farmsteads, and creeks 
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vs. fencerows with herbaceous vegetation and pastures). The presence of woody vegetation 
greatly influences avian species composition and abundance in agricultural areas (Best 
1983). The 20 waterways were chosen in fields that did not have diverted areas (areas taken 
out of crop production and planted to some form of cover) adjacent to or near the waterways. 
Bird Census 
Two census methods were used to estimate relative bird abundance. The first was a 
modified point count census (Dawson 1981). The modification was necessary because of 
inherent problems in studying birds within a linear habitat in open country. The waterways 
were divided along their lengths into segments 100 m long, which were marked with 
surveying flags. For each segment, a corresponding observation point was located in the 
field 25 m from the waterway to minimize disturbing bird activity. When the observer 
approached a waterway, any birds flushed from the waterway were recorded. Then, in 
sequence, birds were observed within each segment for 5 min. Observations were recorded 
on maps of the study site, and only those birds using the waterway or its immediate edge 
were noted. Although flyovers were excluded, birds that forage in flight, such as raptors 
and barn swallows, were counted if they were foraging over the waterway. As the season 
progressed and the crop plants grew taller, this method became infeasible. Consequently, a 
second census procedure, which could be continued later in the season, was used to 
supplement the point counts. This entailed slowly walking along the length of I side of each 
waterway and recording the birds observed. For both census procedures, each waterway 
was censused alternately by 2 observers, thus reducing observer bias. Waterways were 
censused weekly from early May through early August during 1987 and 1988. 
For comparison, 22 field plots were censused concurrently with the waterway plots. 
Fields for these plots were randomly selected from the 44 fields containing waterway study 
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sites. Half of the fields were selected each year. The field plots were 15 x 100 m, which 
was the average size of 1 waterway segment. These plots were established in the middle of 
fields to reduce edge effects (see Best et al. 1990) and any influence of the waterway. Plots 
were at least 300 m from waterways, fencerows, and roadsides. These plots were censused 
using the methods described previously. 
Vegetation Measurements 
A subsample of the waterways (1987: n = 12, 1988: n =10) was selected for vegetation 
measurements by randomly choosing 2 waterways from each class of waterways. In 
addition, vegetation composition data were collected from 19 waterways in 1988. A 
stratified random sampling design was used to measure vegetation at waterways. One strip, 
15 m wide, was delineated in the crop field on each side of a waterway, and the waterway 
constituted a third strip. The strips weredivid~ into segments 100 m long, and one sample 
site was located randomly within each segment. At least 5 samples were taken in each 
waterway. If the waterway had fewer than 5 segments, more than 1 sample was taken in 
each segment 
Four variables were measured at each waterway: waterway residue cover, and vegetation 
height, density, and composition. Crop residue cover was sampled in the crop field strips in 
April by the bead string technique (Sloneker and Moldenhauer 1977). A 10-ft (3.1 m) long 
string with beads (marks) at 1-ft (15.3 cm) intervals was placed diagonal to the crop rows, 
and the number of beads that touched residue was recorded (Basore et al. 1986). Height of 
the field crops and height and density of the herbaceous vegetation in waterways were 
recorded twice a month. Vegetation density was measured with a density board (Gysel and 
Lyon 1980),15 cm wide and 180 cm tall, graduated at lO-cm intervals. At each sampling 
point, the board was read from the 4 cardinal directions at a distance of 3 m and a height of 1 
1 1 
m. The proportion of each interval obscured by vegetation was categorized as-0-20, 21-40, 
41-60,61-80, or 81-100% and recorded as 1-5, respectively. Density was calculated by 
averaging the measurements from the 4 cardinal directions at each interval and then summing 
over all intervals (Basore et al. 1986). In June, the peak nesting period, the composition of 
herbaceous vegetation in the waterways was determined by estimating the percent canopy 
coverage of plant species within a 1 m2 quadrat. Individual coverage~ within each quadrat 
were estimated on a non-overlapping basis, thus total coverage summed to 100%. Only 
species with coverages of 5% or more were recorded. Herbaceous vegetation composition 
also was characterized by growth form (Le., grasses, forbs, and shrubs). Coverage of 
residue and bare ground also was included in composition measurements. Because trees 
were generally restricted to adjoining fencerows and were found growing in only 1 
waterway sampled, they were not included as a growth form. 
Statistical Analysis 
Differences in bird abundance and species richness among waterways were evaluated by 
using analysis of variance (ANOV A) procedures. The influence of waterway width, length, 
segment, and end type on bird abundance and species richness were determined by using the 
General Linear Models (GLM) procedure (SAS Inst. Inc. 1985). Temporal changes in bird 
species richness and abundance were evaluated according to 4 periods (15 May-l June, 2 
June-18 June, 19 June-3 July, and 4 July-22 July), and the periods were regarded as a 
repeated measure (Cochran and Cox 1957: 293-316). When comparing means from only 2 
groups of observations, student's t-tests were used. Bird abundance and species richness 
were averaged over time for comparisons between years and between waterways and field 
. plots. Also, when variances between 2 groups were unequal, Satterthwaite's approximation 
was used to compute the "effective degrees of freedom" (Steel and Torrie 1980: 106). Other 
12 
tests used are described in the Results and Discussion where appropriate. Statistical 
significance was set at.F < 0.05. 
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RESULTS AND DISCUSSION 
Habitat Characteristics 
Vegetation characteristics in grassed waterways differed between 1987 and 1988, 
primarily because of the drought in 1988. Rainfall was below normal from April through 
July in 1988, before increasing to average levels in August (Table 1). The height and 
density of herbaceous vegetation in waterways were greater in 1987 than in 1988 (Table 2). 
This was most evident by evaluating differences between years for each approximately 2-
week interval, because averaging over the entire study period masked drought effects that 
were present later in the growing season. We compared herbaceous vegetation only in 
unmowed waterways since vegetation height in mowed waterways was determined largely 
by mowing practices. Vegetation height in unmowed waterways differed between years 
during 4 July"- 22 July (t = 2.25, 7 df, £ = 0.05), approached significance during 2 June -
18 June U = 2.07, 7 df, £ = 0.09), but was not significantly different 19 June - 3 July ~ = 
0.56). Vegetation density in unmowed waterways differed between years only during 2 
June - 18 June (t = 2.44, 5 df, £ = 0.05), but did not differ significantly 19 June - 3 July or 
4 July - 22 July ~ = 0.36 and £ = 0.28, respectively). 
In contrast to the herbaceous vegetation in waterways, the average height of com and 
soybeans and the average coverage of com and soybean residue were not significantly 
different between years ~ = 0.38 and £ = 0.54, respectively). The percent coverage of 
residue was typical of reduced tillage systems (Best 1986) in 1987 (com residue: g = 56%, 
SE = 17.3, n = 5; soybean residue: g = 30%, SE = 11.1, n = 5) and 1988 (com residue: g = 
61 %, SE = 11.8, n = 6; soybean residue: g = 38%, SE = 14.2, n = 4). 
Grass was the most common vegetation growth form in the waterways, being at least 3 
times more abundant than forbs, the second most common growth form (Table 3). 
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Table 2. Vegetation characteristics of grassed waterways and surrounding cropfields 
at 2-week intervals from 15 May through 22 July, 1987-88 in Story and 
Marshall counties, Iowa 
1987 
15 May- 2 June- 19 June- 4 July-
1 June 18 June 3 July 22 July 
n K SE R SE ~ SE ~ .SE 
Vegetation height (em) 
Unmowed a 8 92 6 100 7 96 31 115 38 
Mowed b 4 54 7 67 3 65 33 26 6 
Vegetation density c 
Unmowed a 8· 49 14 46 23 45 14 46 18 
Mowed b 4 33 6 37 9 30 9 25 3 
Com height (cm) 6 0 0 59 39 171 45 209 10 
Soybean height (cm) 6 0 0 25 5 49 11 84 9 
aInc1udes only grassed waterways that were not mowed, burned, or grazed. 
bInc1udes only grassed waterways that were annually mowed. 
cCalculated by summing the individual interval readings from the density board. 
!l 
4 
6 
4 28 
6 
5 21 
5 16 
15 May-
1 June 
1988 
2 June -
18 June 
16 
19 June-
3 July 
4 July-
22 July 
SE X SE ~ SE ~ 
68 15 83 32 76 
69 24 23 8 34 
4 33 5 38 7 35 
30 4 22 2 23 
4 58 44 138 59 234 
5 31 10 42 10 56 
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Typically, waterways are planted to grass mixes, and any forbs present are usually invading 
weeds. Although waterways are sometimes planted with a legume in the grass mixture, this 
practice is generally discouraged because legumes are short-lived, leaving bare spots 
exposed to erosion (U.S.D.A. 1960). Shrubs were scarce in the waterways (Table 3). 
The percent coverage of grass, forbs and shrubs did not differ significantly between years 
(Table 3). In contrast, residue in waterways increased from 1987 to 1988, which we 
attributed to the drought drying out some of the grass, which w~s then categorized as 
residue. The amount of bare ground also differed between years. 
Nine grass species were recorded in waterways (Table 3). Smooth brome was the most 
abundant species, which is consistent with our waterway selection criteria. Orchard grass, 
reed canary grass, and giant foxtail were the next most common grass species. The 
prevelance of smooth brome and reed canary grass ifl the waterways reflects U.S.D.A. 
(1960) planting recommendations. Smooth brome is one of the most commonly used grass 
species in waterways in many regions of the United States, and reed canary grass is often 
recommended for use in extremely wet sites. Giant foxtail is a common weed pest in the 
cornbelt (U.S.D.A. 1985), and it often invaded the waterways. 
Twenty-six forb species were found in our waterways (Table 3). Alfalfa was the most 
abundant forb species, followed by sweet clover, alsike, and common and giant ragweed. 
The lower abundances of the major forb species compared to the major grass species is 
consistent with planting recommendations; none of the legumes mentioned in Table 3 are 
.commonly planted in waterways (U.S.D.A. 1960). Because most forb species listed in 
Table 3 are regarded as weed pests and are usually controlled in crop fields, they were 
uncommon in waterways (U.S.D.A. 1985). The only shrub species recorded was common 
elderberry (Sambucus canadensis). This woody plant had invaded 1 waterway that was not 
mowed annually. 
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The coverages of some grass species differed considerably between years, whereas 
coverages of others were similar (Table 3). This was probably due to differences among 
species in their responses to drought conditions and to differences in waterway plantings. 
For example, smooth brome coverage was similar in 1987 and 1988, whereas the coverages 
of giant foxtail, timothy, and reed canary grass declined measureably. The difference in the 
coverage of reed canary grass between years may have been due to the species' affinity for 
wet areas, thereby making it less drought resistant (Hitchcock 1971). The greater coverage 
of orchard grass and western wheatgrass in 1988 vs. 1987 was most likely due to 
differences in the grass mixes originally planted in the different sets of waterways studied 
each year. The difference between years in canopy coverage also varied among forb species; 
some species seemed to decreased, whereas others increased (Table 3). 
Bird Species Composition 
Forty-eight bird species were observed in waterways, compared with only 14 in the 
surrounding crop field. The number of species recorded in waterways vs. field plots 
differed both years (1987: 1 = 14.67,29 df, ~ < 0.01; 1988: 1 = 10.13, 26 df, ~ < 0.01). 
The most abundant bird species using waterways were the red-winged blackbird, dickcissel, 
bam swallow, grasshopper sparrow, brown-headed cowbird, song sparrow, and western 
meadowlark (Table 4a). In cropfie1ds, the primary species recorded were red-winged 
blackbirds, vesper sparrows, brown-headed cowbirds, and dickcissels (Table 4b). No 
species was found exclusively in the crop fields. Waterways provide suitable habitat for a 
greater diversity of species than the surrounding crop field, given that 3 times more species 
were observed in the grassed waterways in our study than in the field plots. 
No difference was found between years in the mean number of species recorded per 
waterway (£ = 0.18). In 1987, an average of 7 species (range 4 - 12) was observed per 
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Table 4b. Number of birds observed/100 ha using crop fields from 15 May through 31 
July 1987-88 in central Iowa 
Field plots 
1987 1988 
(n = 12) (n = 10) 
Species ~ SE X SE E>la 
Killdeer 11 65 46 163 0.34 
Horned lark 8 43 15 75 0.66 
Barn swallow 27 86 61 139 0.29 
American robin 30 135 0 0 0.21 
Common yellowthroat 23 90 15 75 0.74 
House sparrow 0 0 15 75 0.33 
Western meadowlark 68 172 30 149 0.39 
Red-winged blackbird 106 197 319 868 0.25 
Common grackle 11 65 61 139 0.12 
Brown-headed cowbird 57 229 61 176 0.95 
Indigo bunting 23 90 15 75 ·0.74 
Dickcissel 85 208 30 103 0.22 
Vesper sparrow 110 212 15 75 0.02 
Chipping sparrow 23 129 0 0 0.33 
Total b 680 681 683 963 0.99 
aStudent's t-test comparing relative abundance between years. 
bTotal includes some unidentified birds. 
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waterway, and in 1988,6 species (range 2 - 9). There was a difference between years in the 
number of species observed per field plot U = 2.20, 18 df, f = 0.04). Mean values for 1987 
and 1988 were 2 (range 1 - 3) and 1 (range 0 - 2) species, respectively. 
The total number of species observed in the waterways was similar to that recorded for 
native grasslands in Alberta, Canada, by using a roadside count census procedure (Owens 
and Myers 1973), but was 2 to 5 times greater than that reported by others for grassland and 
hay fields (Graber and Graber 1963; Wiens 1969, 1973; Skinner 1974). These latter studies 
were conducted in large blocks of similar habitat, rather than in narrow, linear habitats like 
waterways and roadsides where birds may become concentrated. Eleven species were found 
nesting in our waterways (Table 4a), which is similar to the number reported for grasslands 
(Wiens 1973, Blankespoor 1980). 
The mean number of species observed in our waterways was more similar to the number . 
found in fencerows with scattered trees and shrubs than in strictly herbaceous fencerows, 
although the latter have vegetation structure more sinlilar to waterways (Best 1983). This 
suggests that some aspeC1(s) of the herbaceous waterway habitat make it as attractive to birds 
as the enhanced vegetation structure found in fencerows with trees and shrubs. 
Best et aI. (1990) observed a total of 20 bird species using the centers of cornfields in 
Iowa and 18 in lllinois. This is greater than the total number of species recorded in the crop 
fields in our study (Table 4b). Graber and Graber (1963) found a greater number of bird 
species in cornfields than in soybean fields. Because our study involved both cornfields and 
soybean fields, the combined species richness would be expected to be less than that found 
by Best et al., who only evaluated cornfields. Also, Best et al. censused a larger area than 
our study, which would increase the likelihood of observing rare species. 
As described in the Methods, we used a modified point count census to determine the 
total birds observed/IOO ha (Table 4a), and a transect method to assess changes in bird 
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numbers over time. Nine of the 48 species observed in waterways were recorded only by 
the transect method and were not included in Table 4a. These included greater yellow legs 
(Tringa melanoleuca), rock dove (Columba livia), red-headed woodpecker (Melanerpes 
etythrocephalus), hairy woodpecker (Picoides villosus), downy woodpecker <£. 
pubescens), blue jay (Cyanocitta cristata), gray catbird CDumetella cardinensis), chipping 
sparrow, and American kestrel (Falco sparverius). 
Bird Abundance 
Total bird abundance in grassed waterways and in field plots did not differ significantly 
between years, but total bird abundance in waterways was 3 times that in field plots (1987: 1 
= 8.67, 29 df, f < 0.01; 1988: 1 = 2.13, 19 df, f = 0.04). This demonstrates that' 
waterways are more preferred habitat than the surrounding crop fields for most species. 
Total bird abundance in the waterways was similar to that reported by Graber and Graber 
(1963) for mixed hayfields, but about twice what they found for fallow fields and ungrazed 
grasslands. Most other reports for similar habitats give abundances of only the breeding 
birds and not total bird abundances (Le., breeding and non-breeding birds). If only the 14 
species found nesting in the waterways are considered, the average total abundance of 
breeding birds in the waterways was 1,481 birds/100 ha. This is greater than the breeding 
bird abundances recorded for native grasslands and for agricultural fields with grasses and 
forbs (Dambach and Good 1940, Owens and Myres 1973, Harrison 1974, Frawley 1989). 
Abundances of the major bird species were typically greater in the waterways than in other 
grassland habitats (Dambach and Good 1940; Stewart 1953; Smith 1963; Zimmerman 1971; 
Wiens 1973; Albers 1978; Whitmore 1979; Janes 1983; Rodenhouse and Best 1983; Besser 
1985; Applegate and Willms 1987; Frawley 1989; Blankespoor, Augustana ColI., unpubl. 
data). Again these differences may reflect the concentration of birds in the smaller, 
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waterway habitat because other larger areas of similar habitat are lacking due to intensive 
agriculture. 
Although total bird abundance in waterways did not differ significantly between years, 
the abundance of some individual species did. Killdeer, horned lark, and American robin 
numbers increased significantly from 1987 to 1988, whereas western meadowlarks, red-
winged blackbirds, grasshopper sparrows, and song sparrows decreased. Many of these 
changes can be attributed to the drought in 1988, which altered the habitat making it more 
suitable for some species and less suitable for others (see Factors Influencing Bird Species 
Richness and Abundance). 
In our field plots, total bird abundance was greater than that reported by others for 
rowcrop fields (Graber and Graber 1963, Best et al. 1990). This may be due, in part, to 
differences inherent in the sampling techniques (Le., size and location of sampling plots and 
census method) (Bryan and Best, Iowa State University, unpubl. data). 
Factors Influencing Bird Species Richness and Abundance 
Waterway characteristics 
Several habitat characteristics significantly influenced patterns of bird species richness 
and abundance. Bird species richness was positively correlated with the percent coverage of 
forbs in waterways both years (1987 : ! = 0.58, 11 df, P = 0.05; 1988 : ! = 0.54, 9 df, £ = 
0.02). In 1987, the abundance of red-winged blackbirds (r = 0.72, £ = 0.01), American 
goldfinch (r = 0.68, £ = 0.02), savannah sparrows (r = 0.68, £ = 0.02), dickcissels (r = 
0.78, £ < 0.01), song sparrows (r = 0.69, £ = 0.01), and ring-necked pheasants (r = 0.71, 
£ = 0.02) was positively correlated with forb coverage. In 1988, the number of American 
goldfinch (r = 0.55, £ = 0.01), common grackles (r = 0.61, £ < 0.01), American robins (r = 
26 
0.61, ~ < 0.01), and brown-headed cowbirds·(r = 0.55, ~ = 0.01) was positively related to 
forb coverage. In 1987, abundances of brown-headed cowbirds (r = 0.76, £ < 0.01) and 
indigo buntings (r = 0.81, £ < 0.01) were correlated with the percent coverage of residue in 
the waterways, as were abundances of grasshopper sparrows (r = 0.57, ~ = 0.01) and 
American robins (r = 0.64, £ < 0.01) in 1988. Also in 1988, the number of vesper 
sparrows (r = 0.57, ~ = 0.02) and horned larks (r = 0.77, ~ < 0.01) was positively 
correlated with the·percent coverage of bare ground. 
. Percent grass coverage was the only plant growth form measured in waterways that was 
negatively correlated with bird abundance. In 1987, fewer song sparrows (r = -0.59, ~ = 
0.05), dickcissels (r = -0.64, £ = 0.03), and red-winged blackbirds (r = -0.64, ~ = 0.03), 
and in 1988, fewer American goldfinch (r = -0.49, £ = 0.03), American robins (r = -0.50, £ 
= 0.03), brown-headed cowbirds (r = -0.47, P = 0.04), common grackles (r = -0.50, £ = 
0.05), and house sparrows (r = -0.50, £ 0.03) occurred in waterways with greater grass 
coverage. 
The positive response in bird abundance to greater forb coverage, and often, the 
concurrent negative response to greater grass coverage, is a documented habitat selection 
pattern for dickcissels and American goldfinch (Zimmerman 1971, 1982; Wiens 1973; 
Buhnerkempe 1979; Finck 1984; Kahl et aI. 1985). The homed lark is known for its affinity 
for disturbed ground and other areas with exposed soil (Kahl et aI. 1985, Karr 1968). 
Whinnore (1979) and Kahl et aI. (1985) found that residue cover was one of several 
important components in grasshopper sparrow habitat selection. All of the previously 
mentioned studies corroborate the relationships we found between bird abundance and 
habitat variables. 
The abundance of some species was strongly related to waterway vegetation height and 
density (Table 5). In 1987, the abundance of ring-necked pheasants, bam swallows, and 
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Table 5. Product-moment correlation coefficients comparing bird abundance correlated with 
vegetation height and density in grassed waterways in central Iowa from 19 June 
through 22 July 1987-88 
1987 1988 
(n = 12)a ill = 10) 
Species Height Density Height Density 
Ring-necked pheasant O.87*b 0.89* 0.14 - 0.03 
Horned lark - 0.88* - 0.90* - 0.23 - 0.23 
Barn swallow 0.87* 0.89* - 0.33 - 0.28 
Common yellowthrOat 0.71* 0.57 0.76* 0.80* 
Red-winged blackbird 0.70* 0.75* 0.67* 0.52 
Indigo bunting - 0.17 - 0.02 0.76* 0.61 * 
Vesper sparrow - 0.86* - 0.85* - 0.26 - 0.27 
Dickcissel 0.20 0.28 0.84* 0.69* 
Total abundance 0.12 0.25 0.71* 0.61* 
aNumber of waterways sampled. 
bSignificant (£~ 0.05) coefficient for correlation analysis of bird abundance vs. 
vegetation height and density. 
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red-winged blackbirds was positively correlated only with vegetation height and density, 
whereas the abundance of common yellowthroats was positively correlated with vegetation 
height only. In 1988, numbers of common yellowthroats, indigo buntings, dickcissels, and 
total bird abundance were positively correlated with vegetation height and density, but red-
winged blackbird abundance was related only to vegetation height. Tall, dense vegetation is 
required by red-winged blackbirds, indigo buntings, common yellowthroats, and dickcissels 
(Bent 1953, Stewart 1953, Albers 1978, Buhnerkempe 1979, Kahl et al. 1985). Red-
winged blackbirds and common yellowthroats were the only species whose abundances 
were positively correlated with a vegetation variable (height) both years (Fig. 1). 
Vesper sparrow (Fig. 1) and homed lark abundance was negatively correlated with 
vegetation height and density in 1987, when climatic conditions allowed the vegetation to 
more fully reach its growth potential (Table 2). Vesper sparrows (Best and Rodenhouse 
1984, Reed 1986) and homed larks (Kahl et al. 1985) prefer habitats with short, sparse 
vegetation; therefore, waterways with taller, more dense vegetation were less suitable for 
these species. That vesper sparrow and homed lark abundances were not correlated with 
vegetation height and density in 1988 could have been because the drought prevented the 
vegetation in waterways from growing beyond suitable levels for these species. 
Bird abundance and species richness were not significantly different among waterway 
length or width classes either year. The minimum width of 9 m, recommended for 
waterway construction, and the minimum length of 200 m, chosen for our study, appeared 
to be sufficient for birds to use waterways. 
Adjoining habitat 
The habitat adjoining waterways did not significantly influence total bird abundance or the 
number of species in the waterways. Birds were most abundant, however, in the ends of 
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Figure 1. Mean red-winged blackbird and common yellowthroat abundance during 
approximately 2- week intervals from 15 May through 22 July in relation to 
mean vegetation height, and mean vesper sparrow abundance in relation to 
vegetation density in grassed waterways. Abundance comparisons were 
made during a year with nonnal rainfall (1987) in 24 waterways and during a 
drought year (1988) in 20 waterways in central Iowa . 
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waterways where they adjoined a habitat type different from the waterway. This will be 
discussed further in Spatial Patterns. When bird abundance and the number of species in the 
5 different adjoining habitat types were compared, only the abundance of indigo buntings in 
waterways differed significantly between adjoining habitat types ( E = 3.39; 4, 15 df; ~ = 
0.04). Indigo buntings were encountered more often in waterways associated with woodlots 
than with any other habitat type (woodlots: R = 146 birds/l00ha; pastures: R = 22; 
farmsteads: R = 14; herbaceous fencerows: R = 3; creeks: R = 0). 
Adjoinfng habitats also were grouped based on the presence or absence of trees. In 1987, 
bam swallows were significantly more abundant in waterways adjoining habitats without 
trees (trees absent: R = 97 birds/l()() ha; trees present: & = 24; E = 6.75; 1, 7 df; ~ = 0.04). 
Sedge wrens were observed more often in waterways adjoining habitats with trees (trees 
absent: R = 0 birds/lOO ha; trees present: R = 15;.E = 5.42; 1~ 7 df; ~ = 0.05). Sedge wrens 
were found primarily in waterways adjoining creeks, which is included in the category of 
habitats with trees. These associations are consistent with the habitat preferences 
documented for these species (Walkinshaw 1935, Kahl et al. 1985, Dinsmore et al.1984). 
In 1988, the total abundance of birds was significantly higher in waterways adjoining 
habitats with trees (trees absent: R = 1,019 birds/lOO ha; trees present: R = 1,912; E = 4.35; 
1, 18 df; ~ = 0.05). Some species typical of woodland areas (e.g., rose-breasted grosbeak, 
northern oriole, and hairy woodpecker) were observed only in waterways adjoining treed 
habitats, but they were seen too infrequently for their numbers to differ significantly between 
the 2 adjoining habitat categories. 
Surrounding cropland 
WaterWays are small strips of cover and, as such, are more subject to the influence of 
surrounding vegetation than large contiguous blocks of habitat. Although the amount and 
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type of crop residue in the fields surrounding the waterways did not significantly affect bird 
abundance in waterways, the surrounding crop type did influence the occurrence of some 
species. In 1987, song sparrows and vesper sparrows were observed more often in 
waterways in cornfields than in those in soybean fields (SS: corn R = 266 birds/IOO ha; 
soybeans X = 43; 1 = 2.23, 14 df, £ = 0.04; VS: corn ~ = 221; soybeans & = 18; 1 = 2.37, 11 
df, £ = 0.04). In 1988, waterways in cornfields also had significantly more dickcissels 
than waterways in soybean fields (corn R = 606 birds/loo ha; soybeans R = 224; 1 = 2.21, 
18 df, £ = 0.04), whereas waterways in soybean fields had more western meadowlarks than 
waterways in cornfields (cornfield waterways: X = 11; soybean field waterways: X =108; ! = 
2.24, 12 df, £ = 0.04). In the case of cornfields, corn plants often were used as singing 
-
perches by males. All of the previously mentioned species, however, responded to the crop 
type early in the study before the crop plants were tall enough to serve as song perches or 
had even begun to develop their characteristic growth form. Consequently, site-fidelity may 
have caused these species to choose fields based on previous vegetation and not the present 
crop. Strong philopatry, or site-fidelity, has been demonstrated and discussed in several 
species of grassland birds (e.g., Lanyon 1957, Best 1986). 
Bird abundance and the number of species also were correlated with crop height in the 
fields surrounding the waterways. In 1987, species richness Cr = 0.59; 11 df, £ = 0.05) and 
the abundance of dickcissels Cr = 0.99, ~ < 0.01) and ring-necked pheasants Cr = 0.71, £ = 
0.02) were postively correlated with crop height, as was the abundance of bam swallows Cr 
= 0.91, £ < 0.01) and indigo buntings (r = 0.71, 9 df, £ = 0.01) in 1988. As crops grew, 
they may have enhanced the vegetation structure surrounding waterways, thereby increasing 
the attractiveness of the waterways. For the dickcissel, as the growing season progresses, 
soybeans may provide the forb component preferred for nesting habitat, and corn may 
provide suitable singing perches (Kahl et al. 1985). 
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In 1987, 66% (16) of the waterways were adjacent to areas of various sizes that had been 
taken out of crop production (Le., diverted) and planted to alfalfa (56%), oats (31 %), or 
grass mixes (13%). Half of the diverted areas associated with the waterways were planted 
as a field border about 50m wide and only came into contact with the waterways where the 
waterways connected to the fenceline. The dickcissel was the only species significantly 
more abundant in waterways associated with diverted field borders than in those without 
such diverted areas (diverted borderS: R = 618 birds/H)() ha; no diverted borders: R = 236; 1 = 
3.17, 13 df, £ = < 0.01). Occasionally (17%) these diverted areas consisted of strips planted 
the entire length of the waterway on one or both sides. The total abundance of birds 
(diverted areas: R = 2,528 birds/loo ha; no diverted areas: & = 1,679;! = 2.14, 15 df, £ = 
0.05) and the abundance of dickcissels (diverted areas: R = 630 birds/tOO ha; no diverted 
areas: R = 153; ! = 3.25, 11 df, £ = < 0.01) and grasshopper sparrows (diverted areas: R = 
163 birds/loo ha; no diverted areas: ~ = 17; 1 = 2.41, 9 df, £ = 0.04) were significantly 
greater in waterways next to these diverted areas than in those not associated with such 
areas. The affinity of the dickcissel to waterways associated with either type of diverted 
area is understandable because most of these areas were planted to forbs (Le., alfalfa) which 
is an important habitat component for the dickcissel (Zimmerman 1971; Wiens 1973; Finck 
1984; Frawley 1989). 
Agricultural disturbance 
Disturbance is an aspect of the agricultural environment important to birds. One type of 
disturbance in waterways is caused by tractors driving through the waterways while making 
passes over the fields. If crop rows are planted parallel to a waterway, disturbance to birds 
using the waterway is minimal because the tractor is driven along the side of the waterway. 
In contrast, if the crop rows are planted perpendicular to the waterway, the tractor is driven 
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across the waterway to continue down the rows. The frequency of this disturbance varies 
with the type of tillage practice, but usually entails 5-7 trips across the field and waterway 
(Best 1986). Because these trips are spaced at fairly regular intervals throughout the early 
part of the breeding season and cause considerable disturbance of nesting (Rodenhouse and 
Best 1983). Thus one would expect the increased disturbance associated with perpendicular 
. row orientation to discourage bird use of these waterways, and our census results verified 
this (Table 6). The number of species was less in waterways in fields with rows orientated 
perpendicular to the waterway in both 1987 and 1988. Additionally, in 1988 the abundance 
of red-winged blackbirds and song sparrows in waterways in fields with perpendicular rows 
was less than that in those with parallel rows. In contrast, homed lark, vesper sparrow, and 
barn swallow numbers were higher in waterways bounded by perpendicular crop rows. 
Both homed larks and vesper sparrows nest in agricultural fields and prefer the bare ground 
and more sparse vegetation found in crop fields early in the growing season (Wiens 1969, 
Rodenhouse and Best 1983, Basore et al. 1986). The more often that waterways were 
crossed by tractors, the more likely that the vegetation in the waterways would be damaged, 
leaving bare spots and sparse vegetation growth, thereby increasing the attractiveness of the 
waterways to these species. Although the preference of homed larks and vesper sparrows 
for waterways bounded by perpendicular crop rows also was evident in 1987, it was not 
significant. Drought conditions in 1988 may have magnified any vegetation damage caused 
by tractqrs thus making the waterways more suitable for species preferring sparsely 
vegetated sites. In 1988, waterways in fields with perpendicular rows had greater bare 
ground coverages (R = 5%, SE = 6.8, n = 12) than those in fields with parallel rows (R = 
2%, SE = 2.9, n = 7); however, the difference was not significant ~ = 0.22) 
Mowing is another disturbance important to birds in an agricultural environment. 
Timing of mowing in waterways is erratic because this task is usually a low priority for 
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fanners and occurs when they have finished other more pressing tasks. Although 
waterways were typically mowed during or after the 19 June- 3 July period, mowing 
affected the waterway habitat from the outset of the breeding season because mowing the 
previous year caused the current year's mowed waterway vegetation height and density to be 
lower initially than in unmowed waterways (Table 2). 
Mowing influences birds greatly because of the dramatic alteration of the habitat. When 
completely mowed waterways were compared with those not mowed, certain bird species 
showed opposite preferences for these practices. Dickcissels were significantly more 
abundant in unmowed waterways than in mowed waterways during 2 - 18 June and 19 June 
- 3 July in 1988 (unmowed: X = 437 birds/loo ha; mowed: :& = 94; ! = 2.78, 8 df, .e = 0.01 
and unmowed: R = 433; mowed: R = 114;! = 2.51, 14 df, £ = 0.02, respectively), but not 
until 4 - 22 July in 1987 (unmowed: R = 323 birds/1oo ha; mowed: R = 81; ! = 2.59,12 df, 
.e = 0.02) .. Dickcissels may have appeared in these waterways after being forced out of 
hayfields, roadsides, and other waterways that were mowed. In 1987, common 
yellowthroats (unmowed: R = 145 birds/loo ha; mowed: R = o;! = 2.84,10 df,.e = 0.02) 
and red-winged blackbirds (unmowed: R = 783 birds/1oo ha; mowed::& = 42;! = 3.37, 10 
df,.e = < 0.01) also were more abundant during 4 - 22 July in unmowed than mowed 
waterways. 
Mowing has an adverse effect on all species that respond positively to vegetation height 
and/or density. For example, ring-necked pheasant abundance was positively correlated 
with vegetation height (Table 5), and in mowed waterways, ring-necked pheasant numbers 
peaked during 19 June - 3 July and then dropped noticeably during 4 - 22 July (Fig. 2). 
Only 30 % of these waterways had been mowed by 19 June - 3 July, but by 4 - 22 July, the 
remaining waterways were mowed. In contrast, in unmowed waterways, ring-necked 
pheasant abundance peaked during 4 - 22 July. Similar abundance patterns were observed in 
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Figure 2. Mean number of ring-necked pheasants/1oo ha using mowed and unmowed 
grassed waterways at approximately 2-week intervals from 15 May through 
22 July 1987-88 in central Iowa 
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the other species of birds whose abundances also were positively correlated with vegetation 
height and/or density (Table 5). 
In contrast to the species responding negatively to mowing, grasshopper sparrows were 
more abundant in completely mowed than unmowed waterways from the beginning of the 
breeding season in 1987 (unmowed: ~ = 47 birds/l()() ha; mowed: R = 235; 1 = 2.55, 16 df, 
£ = 0.02). Vesper sparrows (unmowed: R = 8 birds/lOO ha; mowed: R = 113; 1 = 2.28,16 
df, £ = 0.04) also were more abundant in completely mowed waterways during 4 - 22 July, 
1987. Grasshopper sparrows and vesper sparrows prefer the short vegetation (Whitmore 
1981, Best and Rodenhouse1984, Kahl et al. 1985, Reed 1986, Frawley 1989) provided 
and maintained by mowing. 
Completely mowed waterways also were compared to those only spot mowed to control 
weeds. In f987, only total bird abundance differed, and was greater in waterways that were 
spot mowed (spot mowed: R = 3,082 birds/lOO ha; completely mowed: R = 1,830; 1 = 2.61, 
11 df. £ = 0.02). This difference in total bird abundance was observed from the onset of the 
breeding season. Vegetation in spot mowed waterways was similar to that in unmowed 
waterways; consequently, there is more vegetation structure at the beginning of the growing 
season. In addition, spot mowing may provide a greater diversity in vegetation structure by 
having mowed and unmowed areas interspersed, thereby attracting a more diverse 
assemblage of birds. 
Temporal changes 
Bird species richness, total bird abundance, and the abundance of some individual bird 
species were influenced by aspects of the waterway and surrounding cropland that changed 
over time, such as crop and vegetation height (Table 7). Vegetation height is art important 
structural feature influencing habitat selection by grassland birds that can change the 
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suitability of a particular area over time (Wiens 1969, Buhnerkempe 1979). Species richness 
differed between time periods for both years of the study, whereas total bird abundance 
differed only during 1988. In 1987, barn swallow, upland sandpiper, and indigo bunting 
abundances significantly increased from 15 May to 22 July, but in 1988, dickcissels and 
house sparrows increased in numbers over this time. 
One factor potentially responsible for the differences between years in the sp~cies that 
showed temporal shifts in abundance was the drought in 1988 and its impact on the habitat. 
The height and density of waterway vegetation differed significantly between years because 
of the drought (Table 3), and this difference probably influenced temporal shifts in habitat 
use by some species. Indigo buntings prefer tall, dense vegetation (Kahl et al. 1985), and in 
1987, the growth of the vegetation in and adjacent to waterways evidently increased the 
attractiveness of these habitats as the season progressed. That indigo bunting abundance did 
not increase over time in 1988 may have been because vegetation growth that year was 
slowed by the drought. This, in turn, may have made the waterways less attractive than a 
more suitable habitat, such as shrubby or wooded areas (Carey and Nolan 1979, Kahl et al. 
1985). Although indigo bunting abundance did not differ significantly over time in 1988, 
their numbers were closely related to crop height (r = 0.71,9 df, £ = 0.01). Both years, 
indigo buntings were only observed in waterways surrounded by com and were not present 
in the waterways until the second period (Fig. 3). At that time, com may have begun to 
simulate the woody vegetation structure required by the buntings for nesting and song 
perches (Carey and Nolan 1979, Kahl et al. 1985). 
Another factor may have contributed to the seasonal increase in dickcissels and total bird 
abundance in 1988, when habitat characteritics did not seem to be as favorable. That year, 
fanners were given permission to mow early the land enrolled in government set-aside 
programs as a result of reduced hay production caused by the drought. Grassland birds 
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Figure 3. Mean indigo buntings abundance in 20 grassed waterways in relation to mean 
corn height at approximately 2-week intervals from 15 May through 22 July 
1988 in central Iowa 
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using these set-aside areas were forced to concentrate in the remaining fragments of 
unmowed vegetation (e.g., unmowed waterways). 
Spatial patterns 
The number of species and bird abundance differed among waterway segments (Table 8). 
Total bird abundance differed between segments for both years (1987: E = 3.72; 3,21 df;.e 
= 0.03 and 1988: E = 5.69; 1, 17 df;.e = 0.03) (Table 8). In 1987, red-winged blackbird 
abundance (E = 5.43; 3, 21 df; .e = 0.006), and in 1988, bird species richness (E = 12.40; 
1, 17 df; E < 0.01) and dickcissel abundance (E = 3.86; 1, 17 df; E = 0.07) differed among 
segments. A Duncan's multiple range test (SAS Inst. Inc. 1985) was used to determine 
which segments differed significantly from the others. In 1987, red-winged blackbird and 
total bird abundance were greater in the waterway segment adjoining another habitat type 
than in any of the segments farther removed from the edge habitat In 1988, the number of 
bird species, dickcissel abundance, and total bird abundance also were greatest in the 
waterway segment next to the edge habitat Greater species richness and bird abundance are 
often associated with edge habitat (Leopold 1933; Gates and Gyse11978; Best et al. 1990). 

Table 8. Significant (£.$ 0.05) differences in the numbers of species and birds 
observed/lOO ha in lOO-m long segmentsa of grassed waterways from 15 May 
through 22 July 1987-88 in central Iowa 
1987 segments 
0-100 m 101- 200m 201-300 m 301- 400m 
R- SE ~ SE ~ SE ~ SE 
Bird species 3 2Ab 3 2A 3 2 A 2 1A 
Red-winged 1250 1023 A 647 750 B 673 567 B 548 457 B 
blackbird 
Dickcissel 458 432 A 345 297 A 374 365 A 303 247 A 
Total 2790 2352 A 1769 823 B 2224 2394 AB 1777 1895 B 
abundance 
aSegment distances were measured from where the waterway adjoined another 
habitat type. 
bMeans within a row followed by different letters are significantly different 
(£ ~ 0.05, Duncan's multiple range test). 
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1988 segments 
0- 100m 101- 200m 
X SE ~ S:E 
3 1A 2 1B 
786 893 A 258 198 A 
471 409 A 303 349B 
2586 2753 A 1315 911 B 
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MANAGEMENT IMPLICATIONS 
An important consideration in waterway management is the amount of forbs present. 
Most forbs present in waterways are invading weeds. If these weeds are not on the state 
noxious weed list and are not a seed source for problem weeds in the crop field, they should 
be "left for their benefits to wildlife. Some forbs in waterways that serve as nesting sites 
andlor food sources are: common milkweed, sweet clover, curly dock, tall coneflower, and 
daisy fleabane (Martin et al. 1951). Waterways are sometimes planted with a legume in the 
grass mixture for the nitrogen-fixing qualities of the legume; however, this practice is often 
discouraged because legumes are short-lived, leaving bare spots exposed to erosion 
(U.S.D.A. 1960). Cool season grasses, like smooth brome, need large amounts of nitrogen 
which can be provided efficiently and naturally by the addition of alfalfa to the grass mix 
(Barnhart 1986). In many cases, the benefits of nitrogen production by the legume may 
outweigh the cost of bare spots. Although alfalfa is short-lived, it can be reseeded. Alfalfa 
also provides more height than other legumes recommended for waterways~ and has been 
reported as an attractive nesting habitat for many grassland species when planted alone or in 
a mixture with smooth brome (Regen scheid et al. 1987, Warner et al. 1987, Frawley 1989). 
Consequently, for many bird species, alfalfa would be an attractive addition to smooth 
brome plantings in grassed waterways. 
The timing of waterway mowing is also important in relation to bird abundance, especially 
in light of current recommendations for wildlife. The recommendation is to mow after 15 
July, but 53 % of all species observed and 100 % of breeding species were at peak 
abundance in the waterways during 4 - 22 July. In light of this and the documented bird 
responses to mowing of waterways (see Agricultural Disturbance, Fig. 2), waterways 
should not be mowed until the end of August or early September. This will minimize the 
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negative impacts on avian production in and use of waterways. Conversely, mowing should 
not be delayed until mid-September because mowing that late would not allow sufficient 
regrowth of the vegetation to provide adequate cover for birds in the winter and following 
spring. 
Unmowed waterways are important habitat for birds in mid to late summer for 2 reasons. 
First, by this time, habitats similar to waterways (e.g., hayfields and roadside ditches) often 
have been mowed, thereby concentrating the birds in the remaining unmowed habitat such as 
unmowed waterways. Evidence for this is seen in the large numbers of birds observed in 
the waterways at this time. Also, in a recent study, banded male dickcissels were observed 
moving from alfalfa fields after mowing to unmowed waterways and fencerows, where they 
established new territories (L. D. IgI, Dept. of Animal Ecology, Iowa State Univ., pers. 
commun.) Secondly, unmowed smooth brome has been shown to have the highest 
abundance of insects nutritious for young birds when compared with other grass types. and 
alfalfa (Regenscheid et al. 1987). The predominant grass in the waterways was smooth 
brome; consequently, the increase in bird numbers could reflect feeding juveniles and adults 
gathering food for their young. Warner and Joselyn (1986) found that ring-necked pheasant 
nesting success was higher in smooth brome roadsides than the combined nesting success in 
hayfields, pastures, small grains, and other strip cover. Grass waterway habitats are 
comparable to roadsides, and, if left unmowed, ring-necked pheasants may also have similar 
. nesting success in waterways. Three of 5 ring-necked pheasant nests were successful in our 
waterways (see Section II). 
Although mowing may adversely affect nesting success andlor habitat quality for some 
bird species, it is sometimes economically necessary for the farmer and also creates a habitat 
more suitable for some species, such as vesper and grasshopper sparrows. Where mowIng 
is used primarily for weed control, spot mowing should be considered as an alternative 
49 
because it has less impact on bird abundance than complete mowing. Furthermore, the 
distance that mowing occurs from the edge habitat also should be considered. Because bird 
abundance is greatest within the fIrst 100 m of the waterway where it adjoins another habitat, 
mowing should be avoided in this zone and preferably in the next 50-100 m, which could 
serve as a buffer. 
Crop rows that are parallel to waterways cause less disturbance than those that are 
perpendicular and thereby in.crease bird abundance. Row orientation is important for 
waterway maintenance, however, in addition to its influence on bird abundance. When rows 
are perpendicular to the waterway, soil from the fIeld will run off into the waterway. Over 
time, this will fIll in the waterway so that it loses its trough-like shape and, subsequently, 
can not properly channel excess water off the fIeld. All waterways fIll in over time, but 
. 
when crop rows are perpendicular to the waterway, this happens more quickly, and the only 
recourse is to undergo the expense and effort to reshape and replant the waterway. In 
contrast, if rows run parallel to the waterway, they do not carry soil directly into the 
waterway. Also, rows that parallel waterways are often associated with contour planting 
(Le., crop rows that follow the contour of the land), a practice which is an important method 
of preventing soil erosion. If, however, the waterway is oriented lengthwise down a hill 
rather than lying horizontally in a low area between hills, the rows must run perpendicular to 
the waterway to achieve contour planting. In this case, the benefIts of contour planting in 
preventing soil erosion may outweigh the increased disturbance to the birds. 
50 
LITERATURE CITED 
Albers, P. H. 1978: Habitat selection by breeding red-winged blackbirds. Wilson Bull. 
90:619-634. 
Allen, J. M. 1941. An ecological and wildlife study of fencerow communities in the 
Maumee Drainage System. M.S. Thesis. Ohio State Univ., Columbus. 216pp. 
Applegate, R. D., and A. G. Willms. 1987. Distribution and population trend of western 
meadowlarks in lllinois. Prairie Nat. 19:45-148. 
Barnhart, S. K. 1986. Steps to establish and maintain legume-grass pastures. Iowa State 
Univ. Coop. Ext. Servo Pm-1008. 2pp. 
Basore, N.S., L. B. Best, and J. B. Wooley, Jr. 1986. Birds nesting in Iowa no-tillage 
and tilled cropland. J. Wildl. Manage. 50:19-28. 
Bent, A. C. 1953. Life histories of North American wood warblers. U.S. Natl. Mus. 
Bull. 203. 734pp. 
Besser, J. F. 1985. Breeding blackbird populations in Iowa. Iowa Bird Life 55:35-42. 
Besser, J. F., O. E. Bray, 1. W. Ed Grazio, 1. L. Guarino, D. L. Gilbert, R. R. Martinka, 
and D. A. Dysart. 1987. Productivity of red-winged blackbirds in South Dakota. 
Prairie Nat. 19:221-232. 
Best, L. B. 1983. Bird use of fencerows: implications of contemporary fencerow 
management practices. Wildl. Soc. Bull. 11:333-347. 
Best, L. B. 1986. Conservation tillage: Ecological traps for nesting birds? Wildl. Soc. 
Bull. 14:308-317. 
Best, L. B., and N. L. Rodenhouse. 1984. Territory preference of vesper sparrows in 
cropland. Wilson Bull. 96:72-82. 
51 
Best, L. B. , R. C. Whitmore, and G. M. Booth. 1990 .. Bird use of cornfields during the 
breeding season: the importance of edge habitat. Am. Mid!. Nat. 123:84-99. 
Blankespoor, G. W. 1980. Prairie restoration: effects on nongame birds. J. Wildl. 
Manage. 44:667-672. 
Buhnerkempe, J. E. 1979. Habitat utilization and partitioning within a community of 
nesting grassland birds. M. S. Thesis, Eastern Illinois University, Charleston. 58pp. 
Carey, M., and V. Nolan Jr. 1979. Population dynamics of indigo buntings and the 
evolution of avian polygyny. Evolution 33:1180-1192. 
Case, N. A., and O. H. Hewitt. 1963. Nesting and productivity of the red-winged 
blackbird in relation to habitat. Living Bird 2:7-20. 
Cochran, W. G., and G. M. Cox. 1957. Experimental designs. Second ed. John 
Wiley & Sons, Inc., New York, N. Y. 611pp. 
Dambach, C. A., and E. E. Good. 1940. The effect of certain land use practices on 
populations of breeding birds in southwestern Ohio. J. Wild!. Manage. 4:63-76. 
Dawson, D. G. 1981. Counting birds for a relative measure (index) of density. Stud. 
Avian BioI. 6:12-16. 
Dinsmore,1. J., T. H. Kent, D. Koenig, P. C. Petersen, and D. M. Roosa. 1984. 
Iowa "Birds. Iowa State Univ. Press, Ames. 355pp. 
Finck, E. J. 1984. Male dickcissel behavior in primary and secondary habitats. Wilson 
Bull. 96:672-680. 
Frawley, B. J .. 1989. The dynamics of nongame bird breeding ecology in Iowa alfalfa 
fields. M. S. Thesis, Iowa State. Univ., Ames. 94pp. 
Gates, J. E., and L. W. Gysel. 1978. Avian nest dispersion and fledgling success in 
field-forest ecotones. Ecology 59:871-883. 
52 
Gleason, H. A., and A. Cronquist. 1963. Manual of vascular plants of northeastern 
United States and adjacent Canada. Willard Grant Press, Boston, Mass. 81Opp. 
Graber, R. R., and J. W. Graber. 1963. A comparative study of bird populations in 
Illinois, 1906-1909 and 1956-1958. Illinois Nat. Hist. Surv. Bull. 28:383-528. 
Gysel, L. W., and L. J. Lyon. 1980. Habitat analysis and evaluation. Pages 305-327 in 
S. D. Schemnitz (ed.). Wildlife management techniques manual, 4th ed. The Wildl. 
Soc., Washington, D. C. 
Harrison, K. G. 1974. Aspects of habitat selection in grassland birds. M. A. Thesis, 
West. Mich. Univ., Kalamazoo. 82pp. 
Hitchcock, A. S. 1971. Manual oftbe grasses of the United States. Vol. 1 and 2. 
Second ed. Dover Publ. Inc., New York, N. Y. 1051pp. 
Janes, S. W. 1983. Status, distribution, and habitat selection of the grasshopper sparrow 
in Morrow County, Oregon. Murrelet 64:51-54. 
Kahl, R. B., T. S. Baskett, J. A. Ellis, and J. N. Burroughs. 1985. Characteristics of 
summer habitats of selected nongame birds in Missouri. Univ. Missouri-Columbia, 
ColI. Agric., Agric. Exp. StD. Res. Bull. 1056. 155pp. 
Karr, J. R. 1968. Habitat and avian diversity on strip-mined land in east-central Illinois. 
Condor 70:348-357. 
Krapu, G. L. 1978. Productivity of red-winged blackbirds in prairie pothole habitat. 
Iowa Bird Life 48:24-30. 
Lanyon, W. E. 1957. The comparative biology of the meadowlark (Sturnella) in 
Wisconsin. Publ. Nuttall Ornithol. Club 1:1-67. 
Leopold, A. 1933. Game management. Charles Scribner's, New York, N. Y. 481pp. 
Martin, A. C., H. S. Zim, and A. L. Nelson. 1951. American wildlife and plants: A guide 
to wildlife food habits. Dover Publ., Inc., New York, N. Y. 500pp. 
53 
Oelmann, D. B. 1981. Soil survey of Marshall County, Iowa. U.S. Soil Conserv. Servo 
U. S. Gov. Print. Office, Washington, D. C. 206pp. 
Owens, R. A., and M. T. Myres. 1973. Effects of agriculture upon populations of 
native passerine birds of an Alberta fescue grassland. Can. J. Zool. 51:697-713. 
Reed, J. M. 1986. Vegetation structure and vesper sparrow territory location. Wilson 
BUll. 98:144-147. 
Regenscheid, D. H., R. O. Kimmel, R. Erpelding, and A. H. Grewe. 1987. dray 
partridge and ring-necked pheasant brood feeding on areas managed as nesting cover. 
Pages 129-132 in R. O. Kimmel, J. W. Schulz, and G. J. Mitchell (eds.). Perdix IV: 
gray partridge workshop. Minnesota Dept. Nat. Res., Madelia. 
Rodenhouse, N. L., and L. B. Best. 1983. Breeding ecology of vesper sparrows in corn 
and soybean fields. Am. Midi. Nat. 110:265-275. 
SAS Institute Inc. 1985. SAS User's Guide: Statistics. Fifth ed. SAS Institute Inc., 
Cary, N.C. 956pp. 
Shalaway, S. D. 1985. Fencerow management for nesting birds in Michigan. Wildl. 
Soc. Bull. 13:302-306. 
Skinner, R. M. 1974. Grassland use patterns and prairie bird populations. M.A. Thesis, 
Univ. Missouri, Columbia. 52pp. 
Skinner, R. M., T. S. Baskett, and M. D. Blenden. 1984. Bird habitat on Missouri 
prairies. Terrestrial Series 14. Missouri Dept. of Conserv., Jefferson City. 37pp. 
Sloneker, L. L., and W. C. Moldenhauer. 1977. Measuring the amounts of crop residue 
remaining after tillage. J. Soil and Water Conserv. 32:231-235. 
Smith, R. L. 1963. Some ecological notes on the grasshopper sparrow. Wilson Bull. 
75:159-165. 
54 
Steel, R. G. D., and J. H. Torrie. 1980. Principles and procedures of statistics: a 
biometrical approach. Second ed. McGraw-Hill Book Co., New York, N.Y. 633pp. 
Stewart, R. E. 1953. A life history study of the yellow-throat. Wilson Bull. 65:99-115. 
Temple, D. M. 1983. Design of grass-lined open channels. Trans. Am. Soc. Agric. 
Eng. 25: 1064-1069. 
U.S. Dept. Agric. 1960. Grass waterways in soil conservation. Leaflet no. 477. U.S. 
Gov. Printing Office, Washington D.C. 8pp. 
U.S. Dept. Agric. 1985. Pesticide assessment of field corn and soybeans: corn belt 
states. National Agricultural Pesticide Impact Assessment Program. U.S. Gov. 
Printing Office, Washington, D.C. ERS Staff Report no. AGES850524A. 26pp. 
U.S. Dept. Agric. 1986. What the conservation provisions of the 1985 Farm Bill mean to 
you. Fact Sheet. 2pp. 
U.S. Dept. Agric. 1988. Iowa agricultural statistics. Des Moines, IA. 82pp. 
U.S. Dept. Commerce. 1982. U.S. Bureau of Census, statistical abstract of the United 
States: 1982-83, 103rd. ed. 1008pp. 
U.S. Soil Conserv. Servo 1975. Engineering field manual: for conservation practices. 
U.S. Gov. Print. Office, Washington, D. C. 176pp. 
Vance, D. R. 1976. Changes in land use and wilciIife populations in southeastern lllinois. 
Wild!. Soc. Bull. 4:11-15. 
Walkinshaw, L. H. 1935. Studies of the short-billed marsh wren CCistothorus stellaris) 
in Michigan. Auk 41:362-369. 
Warner, R. E., and G. B. Joselyn. 1986. Responses of lllinois ring-necked pheasant 
populations to block roadside management. J. Wild!. Manage. 50:525-532. 
Whitmore, R. C. 1979. Short-term change in vegetation structure and its effect of 
grasshopper sparrows in West Virginia. Auk 96:621-625. 
55 
Whitmore, R. C. 1981. Structural characteristics of grasshopper sparrow habitat. 
45:811-814. 
Wiens, J. A. 1969. An approach to the study of ecological relationships among grassland 
birds. Ornithol. Monogr. 8:1-93. 
Wiens, J. A. 1973. Pattern and process in grassland bird communities. Ecol. Monogr. 
43:237-270. 
Wintersteen, W., and R. Hartzler. 1987. Pesticides used in Iowa crop production in 
1985. Iowa State Univ. Coop. Ext. Servo Pm-1288. 18pp. 
Yahner, R. H. 1982. Avian nest densities and nest-site selection in farmstead shelterbelts. 
Wilson Bull. 94:156-175. 
Yahner, R. H. 1983a. Seasonal dynamics, habitat relationships, and management of 
avifauna in farmstead shelterbelts. 1. Wildl. Manage. 47:85-104. 
Yahner, R. H. 1983b. Population dynamics of small mammals in farmstead shelterbelts. 
J. Mammal. 64:380-386. 
Zimmerman, J. L. 1971. The territory and its density dependent effect in Spiza 
americana. Auk 88: 591-612. 
Zimmerman, J. L. 1982. Nesting success of dickcissels (Spiza americana) in preferred 
and less preferred habitats. Auk 99: 292-298. 
SECTION II. 
56 
PRODUCTIVITY OF BIRDS USING GRASSED 
WATERWAYS IN IOWA ROWCROP FIELDS 
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ABSTRACT 
Grassed waterways have been used for decades to prevent soil erosion in agricultural 
cropland, but their benefits to wildlife had not been evaluated previously. We documented 
bird species nest density and success during the breeding season in 24 waterways in central 
Iowa. The waterways were planted predominately to smooth brome and were in cornfields 
and soybean fields. Ten species were observed nesting in the waterways; the red-winged 
blackbird (Agelius phoeniceus) and dickcissel (Spiza americana) were the most common. 
One hundred and seventy-one nests were found, with a nest density of 1,295 nests/lOO ha. 
The extended Mayfield method was used to determined nest success rate, which was 8.4% 
for red-winged blackbirds and 22.0% for dickcissels. The 2 greatest causes of nest loss 
were predation, which accounted for 57% of alll~sses, and mowing accounting for 16% of 
all losses. Annual productivity in waterways was estimated at 1.03 young 
fledged/female/season for red-winged blackbirds, and 2.23 for dickcissels. Waterways may 
be ecological traps for these species under current management practices, but nest success 
might be increased by delaying mowing until late August or early September, or by not 
mowing annually and using spot herbicide spraying or spot mowing to control weeds. Other 
management strategies such as establishing and maintaining wider waterways also may 
increase nest success. 
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INTRODUCTION 
Grassed waterways have been promoted by the U.S. Soil Conservation Service to 
prevent soil erosion since 1947 (Temple 1983). They are channels (natural or constructed) 
that have been shaped to transport water at nonerosive velocities from fields, diversions, 
terraces, and roadside ditches. Grass species planted in the channel are determined by 
geographic location and erosion potential. These species are predominantly cool season 
grasses because of their quick establishment and even, dense growth (U.S.S.C.S. 1975). 
From the outset, waterways have been promoted for their benefits to wildlife, particularly 
ring-necked pheasants (scientific names given in Table 1) and other upland game birds. Nest 
success has been reported for some linear habitats associated with agricultural cropland 
(e.g., fencerows: Allen 1941, Shalaway 1985; shelterbelts: Yahner 1982), but prior to our 
study, bird nest densities and nesting success in grassed waterways had not been 
documented. Basore et al. (1986) included grassed waterways in an assessment of bird 
nesting densities and nesting success, but the waterways were not distinguished from other 
types of strip cover. High densities of nesting birds have been found in narrow habitats 
comparable to grassed waterways (e.g., Dow 1969, Basore et al. 1986). This also may be 
true for waterways, particularly for grassland bird species. 
High densities of nesting birds are not necessarily synonymous with high reproductive 
output In some agricutural areas, increased disturbance from farming practices decreases 
nesting success to far below the level necessary to sustain the population (Roden house and 
Best 1983, Frawley 1989). Predation may also be higher in grassed waterways because nest 
predators may actively search linear habitats (Allen 1941, Davison 1941, but see Shalaway 
1985, Snow and Mayer-Gross 1967). 
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Wiens and Rotenberry (1981) believed that species are comprised of "source" 
populations, which live in high quality habitat enabling them to reproduce above the level 
necessary to sustain the species, and "sink" populations, which are in substandard habitat 
hindering their reproductive success so that the population is unable to sustain the species. 
Linear habitats may prove to be habitat for both source and sink populations depending on 
the characteristics of the habitat, the species of bird in question, and the way in which the 
habitat is managed. 
If populations inhabiting waterways are sink populations, then waterways may serve as 
"ecological traps." Gates and Gysel (1978) and Best (1986) suggested that some man-made 
areas can be similar in physical and/or vegetational structure to preferred nesting habitats, 
but, in fact, harbor some excessive cause of nest failure, absent or scarce in the natural 
habitat, that greatly reduces reproductive success. Causes of failure in these "traps" include 
predation and human disturbance, both possible in waterways. In agriCUltural systems, 
particularly, a major cause of nest failure is human disturbance (e.g., mowing, tillage 
practices) (Rodenhouse and Best 1983, Rogers 1983, Best 1986, Frawley 1989). 
Waterways with vegetative characteristics similar to grasslands may lure birds, only to 
expose them to increased predation and/or human disturbance. However, waterways are 
man-made and, as such, various aspects of vegetation structure and human disturbance can 
be managed to reduce the likelihood that the waterways will be ecological traps. 
The need for research to answer these questions and defme management guidelines 
became even more important with the passage of the 1985 Farm Bill. The Conservation 
Compliance Provision requires landowners to implement a conservation plan if they continue 
to farm annually tilled crops on highly erodible land. This is expected to increase 
. . . 
conservation tillage, terracing, and the number of grassed waterways (U.S.D.A. 1986). 
There are 99 counties in Iowa, and in Marshall County alone (part of our study area), at least 
60 
57 waterways have been constructed from 1983 through 1987 (D. Baloun, U.S.S.C., pers. 
commun.). In light of the high rate of fencerow removal (Vance 1976), the increase in the 
number of grassed waterways will assume even greater importance as wildlife habitat in 
agricultural areas. Therefore, management guidelines are needed to establish and maintain 
the growing number of grassed waterways to improve their value to wildlife. 
- The objectives of our study were: 1) to ascertain which avian species nest in grassed 
waterways and at what nesting densities, 2) to determine if grassed waterways serve as 
suitable nesting habitat, 3) to assess the influence of various waterway characteristics on 
nesting density and success, and 4) to develop waterway management strategies for 
landowners and others interested in enhancing these areas for wildlife. 
61 
METHODS AND MATERIALS 
Study Area and Site Selection 
The 24 waterways chosen for study were in Story and Marshall counties in central Iowa. 
This area is nearly level to gently rolling. The average daily maximum temperature in 
summer is 300 C. Total annual rainfall averages 86 cm, with 61 cm of this falling from 
April through September (Oelmann 1981). Waterways were selected in com or soybean 
fields because these constitute about 75% of the cropland in Iowa (U.S.D.A. 1988). Also, 
fields with reduced tillage (i.e., no fall plowing) were chosen to avoid extremes in tillage 
practices that might influence birds' use of the waterways (Basore et al. 1986). Reduced 
tillage is the prevailing practice in Story and Marshall counties. 
Before choosing the study waterways, a random sample of 60 waterways in Story and 
Marshall counties that met U.S. Soil Conservation Service specifications (U.S.S.C.S. 1975) 
was characterized on the basis of plant species seeded in the waterway, the waterway 
configuration (linear vs. dendritic), and whether or not the waterway was connected to other 
strip cover (see Section I). From this random sample the predominant waterway 
characteristics were determined, i.e., they were planted to smooth brome (Bromus inermis), 
straight, and connected to strip cover (additional details of the waterway selection process are 
given in Section I). The waterways also were trapezoidal or parabolic in cross section 
(according to specifications), varied in length (150 to 900 m), and ranged from 9 to 30 m 
wide. An new sample of 24 waterways (1987: n = 12, 1988: n = 12) was then chosen for 
study based on the predominant charactristics, in addition to characteristics of width and 
length in 1987 and adjoining habitat type in 1988. 
In 1987, 12 waterways were chosen for study based on width and length. To facilitate 
comparing variables measured within each waterway, the waterways were grouped into 6 
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classes based on waterway length and width. The ranges of the 6 classes were detennined 
by using the original random sample of waterways, with an effort made to balance the 
number of waterways within each class and the range of each class. The width classes were 
9.0-11.5 m (28% of the total random sample), 12.0-14.5 m (46%), and 15.0-30 m (26%); 
and length classes were 60-304 m (27%), 305-609 m (28%), and >609 m (45%). Because 
certain widths and lengths were more prevelant than others, the most prevelant width class 
was used when comparing among length classes and vice versa. Thus, waterways chosen 
for the 3 width classes were all from the >609 m length class (Le., length was held 
constant). Likewise, waterways selected for the 3 length classes were all from the 12.0-14.5 
m width class. 
In 1988, we selected 12 other waterways based on the habitat types adjoining the ends of 
the waterways. Five habitat types were chosen for study with 2 waterways in each: 
farmsteads, creeks, woodlots, pastures, and herbaceous fencerows. Two additional 
waterways did not abut other habitats, but were isolated in the crop fields. Also, when using 
these habitat types to analyze the 1987 data, one additional category was added--shrubby 
fencerows. After preliminary analysis, the waterways were consolidated into 2 habitat 
groups detennined by presence or absence of trees and other brushy cover, which is known 
to greatly influence avian species composition and abundance in agricultural areas (Best 
1983). 
Nest Searching and Monitoring 
Nest were found by visually searching strips 1 m wide until the waterway had been 
completely traversed. Once found, nests were marked by placing flags on the waterway 
borders. This reduced predation that might have occurred if the flags had been placed near 
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the nests (e.g., Picozzi 1975, Hamas 1984). Nest searches were conducted on each 
waterway twice a month from mid-May through early August 
Nests were monitored every 3-4 days until they were no longer active. Nests were 
approached from a different direction on each visit to avoid making trails to the nest and, 
consequently, increasing predation. To minimize desertion, ring-necked pheasant nests were 
observed from a distance without flushing the hen until the nests were no longer active. The 
cause of failure was determined for unsuccessful nests by assessing the integrity of the nest, 
presence and condition of eggshell fragments, and any disturbance to the surrounding area 
(Rearden 1951, Best and Stauffer 1980). Causes of nest failure were categorized as: 
abandonment, predation, mowing, weather, farm machinery, or cowbird parasitism. 
Nest success was calculated by using the extended Mayfield method (Mayfield 1975, 
Johnson 1979) and MICROMORT, a computer program developed by Heisey and Fuller 
(1985). These methods were used to determine daily and interval survival rates, as well as 
mortality rates for specific causes of nest failure. The percent of nest loss due to individual 
sources of mortality was calculated following Heisey and Fuller (1985). Our sample sizes 
were too small to partition the nesting cycle into separate intervals for the egg-laying, 
incubation, and nestling periods; therefore, we assumed a constant survival rate for the entire 
nesting cycle (Klett and Johnson 1982). To compare our survival rates with those reported 
by others, we used a 2-tailed Z-test and compared daily survival rates. If daily survival rates 
could not be determined from the literature, and only apparent success rates were available 
from other studies, the apparent rates are given as a point of reference but not compared with 
our study results. To determine nest success, only active nests (nests containing at least 1 
host egg or young) were used. A nest was considered successful if it fledged at least 1 host 
young. Of the 171 nests located, 119 were used for analysis because they were active when 
found, the cause and timing of failure could be determined, and they were not destroyed by 
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an observer. The remaining 54 nests were not used because 2 were destroyed by observers, 
1 was incomplete and contained only 1 cowbird egg, and 51 were never observed to be 
active. 
Estimates of annual productivity were calculated for the 2 most common nesting species, 
red-winged blackbirds and dickcissels, following Pinkowski (1979), in which annual 
productivity = (young fledged/successful nestH% nest success)·(nests/season). Because 
both species are polygynous, productivity values are given in young fledged/female/season. 
The number of nests/season was calculated by using the procedure reported by Austin 
(1977). For the red-winged blackbird, 8.5 days was calculated as the length for an 
unsuccessful nesting cycle, 18.3 days for an average nesting attempt, and a nesting season 
of 77 -days (season length from Dinsmore et al. 1984). For the dickcissel, the length used 
for an unsuccessful nesting cycle was 10.0 days, for an average nesting attempt 27.4 days, 
and 77-days of nesting season (season length from Zimmerman 1982). Periods between 
failure or a successful nesting attempt and renesting for red-winged blackbirds were taken 
from Case and Hewitt (1963) and Frankhauser (1964). Because dickcissels are single-
brooded (Zimmerman 1982), the period of time after a successful nest was considered the 
remainder of the breeding season. For the purposes of this estimate, we used the most 
conservative value by calculating this period from the fIrst possible successful nest. The 
period between a nest failure and renesting for dickcissels was acquired from L. D. Igi 
(Dept of Animal Ecology, Iowa State Univ., pers. commun). Daily mortality rates and 
percent nest success are in Table 1. 
Vegetation Measurements 
A stratifIed random sampling design was used to measure vegetation in waterways. One 
strip, 15 m wide, was delineated in the cropfIeld on each side of the waterway, and the 
65 
waterway constituted a third strip. The strips were divided into segments 100 m long, and 1 
sample site was located randomly within each segment. At least 5 samples were taken in 
each waterway. If the waterway had fewer than 5 segments, more than 1 sample was taken 
in each segment. 
Four variables were measured at each waterway: plant residue cover, and vegetation 
height, density and composition. Two variables were also measured in the crop fields: crop 
residue cover and crop height. Crop residue cover was sampled in the crop field strips in 
April by using the bead string technique (Sloneker and Moldenhauer 1977). A lO-ft (3.1-m) 
long string with beads (marks) at 1-ft (15.3-cm) intervals was placed diagonal to the crop 
rows, and the number of beads that touched residue was recorded (Basore et al. 1986). 
Height of the field crops and height and density of the herbaceous vegetation in waterways 
were recorded twice a month. Vegetation density was measured with a density board (Gysel 
and Lyon 1980), 15 cm wide and 180 cm tall, and graduated at 10-cm intervals. At each 
sampling point, the board was viewed from the 4 cardinal directions at a distance of 3 m and 
a height of 1 m. The proportion of each interval obscured by vegetation was categorized as 
0-20,21-40,41-60,61-80, or 81-100% and recorded as 1-5, respectively. Density was 
calculated by averaging the measurements from the 4 cardinal directions at each interval and 
then summing over all intervals (Basore et al. 1986). In June, the peak nesting period (Best 
1986), the composition of herbaceous vegetation in the waterways was determined by 
estimating th~ percent canopy coverage of plant species within a 1-m2 quadrat. Individual 
coverages within each quadrat were estimated on a non-overlapping basis; thus total 
coverage summed to 100%. Only species with coverages of 5% or more were recorded. 
Herbaceous vegetation composition also was characterized by growth form (i.e., grasses, 
. . 
forbs, and shrubs). Coverage of plant residue and bare ground also were estimated within 
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the quadrats. Because trees were generally restricted to fencerows adjoining waterways and 
were found growing in only 1 waterway sampled, they were not included as a growth fonn. 
Statistical Analysis 
The type of habitat adjoining waterways and the distance of a nest in the waterway from 
the adjoining end were evaluated for their influence on nest densities and success by using 
the General Linear Models (GLM) procedure (SAS Inst Inc. 1985). Distance of a nest in 
the waterway from the adjoining end was determined by grouping the nests located within 
each of the 100 m segments delineated along the length of the waterway. If any of these 
tests were significant, the Duncan's multiple range test was used to determine which groups 
differed. When comparing means from only 2 groups of observations, student's t-tests were 
used except for comparisons of daily survival rates. Also, when variances were unequal, 
Satterthwaite's approximation was used to compute the "effective degrees of freedom" (Steel 
and Torrie 1980:106). Other tests used are described in the Results and Discussion. 
Statistical significance was set at P ~ 0.05. 
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RESULTS AND DISCUSSION 
Habitat Characteristics 
Vegetation characteristics in grassed waterways differed temporally between 1987 and 
1988, primarily because of drought in 1988. Vegetation differences are detailed in Section I, 
but will only be briefly described here. The mean height and density of herbaceous 
vegetation in waterways was not significantly different between 1987 and 1988. We 
compared herbaceous vegetation only in unmowed waterways because vegetation height in 
mowed waterways was determined largely by mowing practices. Mean unmowed vegetation 
height in 1987 was 102 cm and in 1988,75 cm. Vegetation densities in 1987 and 1988 were 
46 and 35, respectively. 
Grass was the most common vegetation growth form in the waterways (1987: 66% 
canopy coverage, 1988: 60%), being at least 3 times more abundant than forbs (1987-1988: 
20%), the second most common growth form. Typically, waterways are planted to grass 
mixes, and any forbs present are usually invading weeds; however, waterways are 
sometimes planted with a legume in the grass mixture for the nitrogen-fixing benefits of the 
legume. Shrubs were scarce in the waterways (1987: 1 % canopy coverage, 1988: 0%). The 
percent coverage of grass, forbs, and shrubs did not differ significantly between years (£ > 
0.30). In contrast, residue in waterways increased from 1987 to 1988 (1987: 1 % canopy 
coverage, 1988: 16%,1= 4.92, 19 df, ~ > 0.01), which we attributed to the drought drying 
out some of the grass, which was· then categorized as residue. 
Nine grass species were recorded in waterways. Smooth brome was the most abundant 
species (1987: 340/0 canopy coverage, 1988: 36%); orchard grass CDactylis glomerata), reed 
canary grass (£halaris arundinacea), and giant foxtail (Setaria faberii)were the next most 
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common grass species. Twenty-six forb species were found in our waterways; alfalfa 
(Medica go sativa) was the most abundant. followed by sweet clover (Melilotus spp.), alsike 
(Trifolium hybridum), common ragweed (Ambrosia artemisiifolia), and giant ragweed 
(Ambrosia trifida). 
Composition and De~sity of Nesting Species 
Of the 10 bird species that nested in the waterways (Table 1), red-winged blackbird and 
dickcissel nests were the most common. In addition, a pair of American goldfmches 
(Carduelis tristis) began constructing a nest in 1988 but abandoned the attempt before 
completion. Nest densities (Table 2) of only 2 species approached significance (grasshopper 
sparrow: 1987: R = 4.4 nests/lOO ha, 1988: R = O,! =2.03, 11 df, £ = 0.06) or were 
significantly different (western meadowlark: 1987: X = 3.8 nests/l00 ha, 1988: X = 0, ! = 
2.57, 11 df, £ = 0.03) between the 2 years of the study, thus, the 2 years were combined. 
One hundred and seventy-one nests were found, resulting in a computed total nest density 
of over 1,200 nests/loo ha (Table 2). This is considerably higher than the 400 nests/100 ha 
reported by Basore et al. (1986) for strip cover in agricultural areas. This difference may be 
due in part to the more exhaustive searching technique used in our study. It also may 
demonstrate that waterways are a more attractive nesting habitat than other fonus of strip 
cover (e.g., roadsides, herbaceous fencerows). The nest densities found in waterways also 
are much higher than those found in no-till and tilled crop fields (Basore et al. 1986). 
Nest Success 
The ring-necked pheasant had the highest nest success rate overall, but the dickcissel had 
the highest success rate among the nongame birds (Table 1). The field sparrow had the 
lowest nesting success, which appeared to be a common trend for all the nongame, ground-
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Table 1. Nest successa of birds in grassed waterways in central Iowa cropfields from 15 
May through 31 July 1987-1988 
Nesting Days Daily Nest 
cycle of survival success 
Species length (days)b exposure rate Variance (%) 
Red-winged blackbird 24 540 0.9019 0.0008 8.4 
(Agelaius phoeniceus) 
Dickcissel 24 227 0.9388 0.0002 22.0 
~ americana) 
Grasshopper sparrow 25 48 0.8958 0.0019 6.4 
(Ammodramus savannarum) 
Common yellowthroat 25 26 0.8462 0.0050 1.5 
(Ceothlypis trichas) 
Western meadowlark 30 67 0.9104 0.0012 6.0 
(Sturnella ne~lecta) 
Vesper sparrow 24 36 0.8611 0.0033 2.8 
(Pooecetes gramineus) 
Ring-necked pheasant 30 58 0.9828 0.0003 59:3 
(Phasianus colchicus) 
Song sparrow 26 26 0.8846 0.0039 4.1 
(Melospiza melodia) 
Field sparrow 23 13 0.7692 0.0137 0.2 
(Spizella pusilla) 
aNest success calculated by using the extended Mayfield method (Mayfield 1975, 
Johnson 1979). 
bNest cycle lengths taken from Besser et al. (1987) , Zimmerman (1982) , Smith 
(1963), Stewart (1953), Roseberry and Klimstra (1970), Rodenhouse and Best (1983), 
Bent (1963), Nice (1937), and Best (1978). 
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nesting species. Red-winged blackbirds and dickcissels both commonly build their nests 
above the ground, and they had the highest success rates of the nongame species, although 
red-winged blackbird nest success was much lower than that of the dickcissels. This may be 
due, in part, to the increase of red-winged blackbirds nesting in the waterways in late July 
when mowing reached its peak (Fig. 1), thus destroying many of these late nests. 
Dickcissels moved into the waterways earlier in the breeding season and did not have. as 
many late nests. 
Mayfield nest success for red-winged blackbirds in grassed waterways was low (Table 
1), but the daily survival rate was not significantly different from that reported for alfalfa 
fields in Iowa (0.8825, Frawley 1989) (Z = 0.869, £ >0.05). The apparent nest success 
reported for red-winged blackbirds for other Iowa upland habitats was 4% (Krapu 1978), 
and the percentage of eggs resulting in fledglings in wetland habitats and uplands in South 
Dakota ranged from 17 to 31 % (Besser et al. 1987). 
Daily survival rates for dickcissels in waterways (Table 1) were not significantly different 
from those calculated from Zimmerman (1982) for old field (0.9257) and prairie habitats 
(0.9403) (Z = 0.944 and 0.126, respectively, £ > 0.05), but were higher than those 
reported for alfalfa fields (0.8125, Frawley 1989) (Z = 3.76, £ < 0.05). This latter 
difference may be due to the greater number of exposure days (i.e., larger sample size) in 
our study or it could be because waterways were mowed less frequently than alfalfa fields. 
Common yellowthroat nest success in waterways (Table 1) was low. Frawley (1989) 
only observed 1 common yellowthroat nest in alfalfa fields which was destroyed by 
mowing. Apparent success rate reported for common yellowthroats in wetlands was 83% 
(Stewart 1953). The daily nest survival rate for grasshopper sparrows in waterways (Table 
1) was not significantly different from that in alfalfa fields (0.9268, Frawley 1989) or 
grasslands (0.9229, Johnson 1990) (Z = 0.149 and 0.584, respectively, £ > 0.05). 
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Grasshopper sparrow nesting success in waterways was similar to the lower end of the 7-
47% range of nesting success (Mayfield method) reported by Wray et al. (1982) for surface 
mines reclaimed to grassland. 
The daily nest survival rate for vesper sparrows in waterways (Table 1) did not differ 
from the rate calculated for alfalfa fields (0.9318, Frawley 1989) (Z = 0.406, £ > 0.05) or 
for cropfields (0.9190, Rodenhouse and Best [1983] as given by Frawley [1990]) (Z = 
0.977, £ > 0.05). Vesper sparrow nesting success, however, was very low when compared 
to the 15-22% Mayfield success rate reported for surface mines reclaimed to grassland (Wray 
et aI. 1982). 
The daily nest survival rate for western meadowlarks in waterways (Table 1) was not 
significantly different from alfalfa fields (0.8740, Frawley 1989) or grasslands (0.9364, 
Johnson 1990) (Z = 0.176 and 0.717, respectively, £ > 0:05). Apparent nesting successes 
of 30-35% have been reported for western meadowlarks in grasslands (Lanyon 1957, 
Roseberry and Klimstra 1970). 
Field sparrow nesting success was essentially 0 (Table 1), which is much lower than the 
47% Mayfield nesting success rate reported by Wray et al. (1982) for surface mines 
reclaimed as grassland. Best (1978) reported an apparent nest success rate of 10% for field 
sparrows in grasslands and shrub-woodland habitats. Song sparrow (Melospiza melodia) 
nesting success in the waterways was also low (Table 1). Nice (1937) reported an apparent 
nest success of 42%. 
Ring-necked pheasant success was the highest in our study, but the sample was small 
(Table 1). Apparent nest successes reported for ring-necked pheasant in cropfields, alfalfa, 
and roadsides have ranged from 15-29% (Soloman 1983, Basore et al. 1986, Warner et al. 
1987). Ring-necked pheasant apparent nest success reported for hayfields in which mowing 
was delayed was 50-57% (Hartman and Fisher 1983). 
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Only 1 sedge wren (Cistothorus platensis) nest was found, which was successful. The 
apparent nest success of sedge wrens in an Iowa marsh was 68% (Crawford 1977). 
Reasons for Nest Failure 
The major cause of nest loss was predation (Table 2), which accounted for 57% of all 
losses (calculated following Heisey and Fuller [1985]). This is typical of many upland 
habitats (e.g., Wray et al. 1982, Picman 1988, Warner et al. 1987). In linear habitats like 
grassed waterways, greater predation may have been expected because predators have been 
found to actively search linear habitats (Allen 1941, Davison 1941). Shalaway (1985) and 
Snow and Mayer-Gross (1967), however, found that nest success was higher in fencerows 
and hedges, respectively, than in blocks of similar natural habitat Increased predation may 
have also been expected due to the high nest densities of birds in the waterways. Zimmerman 
(1971, 1984) found that predation was not related to nest density, however, predation did 
increase with time over the breeding season. In our study the nesting success of some 
species, such as the dickcissel, was greater than or equal to the nest success in grasslands or 
hayfields. The overall predation rate in the waterways was similar to that observed for 
surface mines reclaimed to grassland, fallow fields, fencerows, and other strip cover in an 
agricultural area (Zimmerman 1971, Wray et al. 1982, Shalaway 1985, Basore et al. 1986). 
Therefore, the waterway characteristics of a linear configuration with high nest densities did 
not lead to greater nest predation. 
The second most important cause for nest failure was mowing (16% of all losses). The 
proportion of nests lost to mowing in waterways was less than that reported for alfalfa 
fields, but the predation rate in waterways was higher (Frawley 1989). Fewer mowing 
losses occurred in waterways probably because not all waterways were mowed, whereas all 
alfalfa fields were mowed. Also, waterways were usually only mowed once/season, 
75 
whereas alfalfa fields were generally mowed several times. If some alfalfa fields had not 
been mowed, there also may have been greater nest loss due to predation (e.g., see Hartman 
and Fisher 1983). 
Other causes of nest failure included inclement weather, abandonment, and machinery, 
accounting for 9%,8%, and 1 % of all nest losses, respectively. Brown-headed cowbird 
parasitism accounted for another 9% of the nest losses. Twenty-seven percent of all nests in 
waterways were parasitized, but in many of these, adults were able to fledge their own 
young. This rate of cowbird parasitism is low compared to the rates reported for alfalfa 
fields (41-56%, Frawley 1989) and grasslands (60-85%, Zimmerman 1983). For birds 
nesting in fencerows, Shalaway (1985) did not observe any cowbird parasitism. 
Hergenrader (1962), however, reported the same rate of cowbird parasitism as we found in 
our study, 27%, for roadside nesting birds in Nebraska. Also, cowbird parasitism in 
waterways is within the range of 7-82% reported by Hill (1976) for cowbird parasitism of 
grassland birds in a prairie habitat. 
Waterway Characteristics Influencing Nesting Density and Success 
Nest density 
Several aspects of the waterways were related significantly to nest densities. Nest density 
was positively correlated with vegetation height for red-winged blackbirds (r = 0.67, 22 df, 
f < 0.01), dickcissels (r = 0.69, f < 0.01), common yellowthroats (r = 0.61, f < 0.01), 
song sparrows (r = 0.48, f = 0.02), sedge wrens (r = 0.53, f < 0.01), and all species 
combined (r = 0.81, £ < 0.01). Tall, dense vegetation is required by all of these species for 
nesting (Walkinshaw 1935, Nice 1937, Stewart 1953, Albers 1978, Buhnerkempe 1979, 
Kahl et al. 1985). An inverse relationship between vegetation height and nest density was 
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found for grasshopper sparrows (r = -0.40, f = 0.06) and vesper sparrows (r = -0.43, f = 
0.04). This also is consistent with documented nest habitat selection for these species 
(Whitmore 1979, 1981; Best and Rodenhouse 1984; Reed 1986). Nest densities in 
waterways were positively correlated with vegetation density for red-winged blackbirds (r = 
0.77, f < 0.01), dickcissels (r = 0.55, f < 0.01), common yellowthroats (r = 0.41, f = 
0.05), song sparrows (r = 0.46, P = 0.03), and all species combined (r = 0.81, f < 0.01). 
Nest densities were not significantly related to plant composition in waterways or to crop 
height. 
Although nest densities were not related to plant species composition in waterways, over 
3 times more nests were placed in or against forbs than in grass (Table 3). Sweet clover (see 
Table 3 for scientific names) was by far the most commonly used forb species for nesting by 
red-winged blackbirds and by all the species combined; curly dock was second in 
importance. Dickcissels also chose forbs predominantly as nest sites but did not seem to 
prefer any particular species. Grass was used more frequently as a nest substrate by 
dickcissels than by redwings. Of the forbs most commonly used as nest sites, only alfalfa is 
intentionally seeded in waterways. The remaining forbs species, with exception of curly 
dock, are problem weeds in crop fields (U.S.D.A. 1985). 
The habitat adjoining waterways significantly influenced the nesting densities of 
dickcissels and field sparrows. Dickcissels nested more often in waterways associated with 
woodlots than in waterways adjoining any other habitat type (woodlots: R = 13.9 nests/lOO 
ha, herbaceous fencerow: X = 1.7, pasture: X = 0.8, farmstead: X = 0.6, shrubby fencerow: 
:K = 0.4, creek: K = 0.4, unconnected: X = 0.0; E = 2.76; 6, 18 df; f = 0.04). Field sparrow 
nests were found only in waterways adjoining shrubby fencerows (shrubby fencerows::R = 
0.9 nests/lOO ha; F = 2.74; 6, 18 df; f = 0.04). 
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Table 3. Number and percent of nests placed in various plant gr0\:Vth fonns and ~ the 
most commona forb species in grassed waterways in Story and Marshall counties, 
Iowa from 15 May - 31 July 1987-88 
Dickcissel Red-winged All species 
blackbird combined 
n % n % n % 
Forbs 23 60.5 65 85.5 95 69.9 
Sweet clover (Melilotus spp.) 4 17.4 35 53.8 39 41.1 
Curly dock (Rumex cris.pus) 3 13.0 13 20.0 16 16.8 
Giant ragweed (Ambrosia lrifulil) 1 4.3 7 10.0 10 10.5 
Alfalfa (Medica go ~ 3 13.0 1 1.5 8 8.4 
Bull thistle (Cirsium vulgare) 4 17.4 0 0 4 4..2 
Grasses 13 34.2 10 13.2 37 27.2 
Shrubs 2 5.3 1 1.3 3 2.2 
Residue 0 0 0 0 1 0.7 
acommon = forb species in which at least 4 nests were located. 
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Mowing affected many species (Fig. 1), but only the nest densities of the red-winged 
blackbird were significantly different between unmowed (R = 75.8 nests/lOO ha) and 
completely mowed (R = 3.8 nests/1oo ha) waterways (! = 8.50, 2 df, £. = 0.01). Mowing 
the previous year also affected nest densities during the current year for dickcissels and for 
all species combined. Dickcissels nested more commonly in waterways that had not been 
mowed the previous year (R = 121.2 nests/loo ha) than in those that had been mowed (R = 
2.5 nests/1oo ha) (! = 23.5, 2 df, £. < 0.01). Also, the total nest density approached 
significance and was higher in waterways that had not been mowed the previous year (R = 
227.3 nests/loo ha) compared to those that had been mowed (R = 35.4 nests/IOO ha) (! = 
3.41,2 df, £. = 0.07). Bird nesting preference for waterways not mowed the previous year 
could be related to 2 factors. First, waterways not mowed the previous year had taller and 
denser grass (see Section 1: Table 2), which would appeal to both dickcissels and common 
yellowthroats. Also, the lack of mowing may have increased nesting success in these 
waterways in previous year, causing more birds to return to the same site (i.e., greater site 
·fidelity; Lanyon 1957, Best 1986). 
Two other variables also were related to the nest densities of dickcissels and all species 
combined: waterway width and length. The shortest (150-304 m long) and widest (15-30 m 
wide) waterways had greater nesting densities of dickcissels and all species combined than 
the longest (609-900 m long) and narrowest (9-12 m wide) waterways. The nest densities 
for these width and length groups, however, were identical to the nest densities given above 
for waterways that were unmowed or mowed the previous year because certain width and 
length combinations were more likely to be mowed than others. All of the long and narrow 
waterways used in our study had been mowed the previous year, whereas the short and wide 
waterways were left unmowed. This trend is due to 2 factors which both relate to intensity 
of management by the landowner. First, long waterways were more likely to be mowed 
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Figure 1. The number of nests initiated and their outcome in relation to mowing 
frequency in grassed waterways in central Iowa crop fields during 4 time 
periods from 15 May through 22 July, 1987-88 
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than short waterways, because the greater area covered by a long waterway has the potential 
for greater forage production and may harbor more weed pests. Second, because of the 
shorter grass, the edges of a mowed waterway are more likely to be cut into during plowing 
and tilling than the edges of an unmowed waterway. Over time, the width of the many 
mowed waterways decreases. Therefore, the difference in nest densities between waterway 
width and length classes for dickcissels and all species combined was more a function of 
mowing of the wateway. The width variable may still be influential to nest densities, but it is 
confounded with mowing. Width is the most important parameter influencing nest density in 
fencerows, another linear habitat (Shalaway 1985). 
The distance from the habitat adjoining the waterway did not significantly influence nest· 
placement Also, crop type, crop residue, and crop row orientation (parallel vs. 
perpendicular to the waterway) had no significant affect on nest density. 
Nest success 
Several characteristics of the waterway vegetation influenced apparent nest success. The 
percentage of successful nests was positively correlated with grass height for red-winged 
blackbirds (r = 0.67, 22 df,.e < 0.01), dickcissels (r = 0.43,.e = 0.04), sedge wrens (r = 
0.53,.e < 0.01), and for all species combined (r = 0.68,.e < 0.01). The percentage of 
successful nests also was related to grass density for red-winged blackbirds (r = 0.72, .e < 
0.01), dickcissels (r = 0.59,.e < 0.01), and all species combined (r = 0.79, E < 0.01). One 
component of waterway vegetation composition also influenced nest success. The percentage 
of successful nests was positively correlated with the percent coverage of forbs for 
dickcissels (r = 0.65,.e < 0.01) and approached significance for all species combined (r = 
0.37,.e = 0.07). Nest success was not significantly influenced by any of the other 
waterway characteristics measured. 
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Productivity 
Annual productivity was estimated for the red-winged blackbird and dickcissel, as these 
were the only species with adequate sample sizes. The average number of host young 
fledged/successful nest for red-winged blackbirds was 2.9, and for dickcissels it was 3.6. 
Red-winged blackbirds were estimated to fledge 1.03 young/female/season in the waterways 
(see Methods), whereas dickcissels fledged 2.23. To sustain bird populations with an 
annual adult mortality of 50% (Lack 1968) and fledgling survival to the fIrst breeding season 
of 12.5 to 25% (Ricklefs 1977, Pinkowski 1979), annual productivity must be from 4.0 to 
8.0 fledglings per pair (Ricklefs 1977, Pinkowski 1979, Wray et al. 1982, Rodenhouse and 
Best 1983). The estimated annual productivity for red-wing blackbirds and dickcissels in 
grassed waterways is below the levels necessary for replacement. Unfortunately, waterways 
may function as ecological traps (Gates and Gysel 1978, Wiens and Rotenberry 1981, Best 
1986), in that they provide attractive nesting cover for several bird species, resulting in 
relatively high nest densities, but offer little hope of net reproductive gain. 
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MANAGEMENT IMPLICATIONS 
At least for red-winged blackbirds and dickcissels, waterways under current land-
management practices function as ecological traps. Waterways are similar in structure to 
many grassland areas but evidently have causes of nest failure which result in production 
being below levels necessary to maintain populations of these species. Some of these 
sources of failure are controllable, as they involve human disturbance (i.e., mowing and 
machinery). Management practices that increase vegetation height and density, the relative 
coverage of forbs, and the width of the waterway also should increase nest densities and 
productivity. 
Mowing was the second greatest cause of nest failure in the waterways and influenced 
nest densities in 2 ways. (1) Vegetation height and density were both affected by mowing, 
and this would influence those bird species that had nesting preferences either for waterways 
with tall and dense vegetation or for short and sparse plant cover. (2) The timing of mowing 
was of primary importance to birds nesting in the waterways, because the peak of mowing 
frequency coincided with the nesting peak in the waterways (Fig. 1). In the past, it has been 
recommended that mowing be deferred until after 15 July to minimize the adverse impact on 
nesting birds. Ordinarily this is an appropriate recommendation because the normal nesting 
peak for the species found in grassed waterways is mid-June (Best 1986, Frawley 1989). In 
the case of waterways, however, the nesting peak does not occur until mid-July, which may 
be because birds driven out of hayfields and other mowed areas renest in waterways. 
Despite this nesting peak in the waterways, the number of successful nests dropped 
dramatically because mowing frequency in the waterways also peaked at this time, consistent 
with existing recommendations. Consequently, waterways should not be mowed until late 
August or early September to allow for completion of these late nests. 
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The importance of unmowed waterways as habitat in mid to late summer is two-fold. At 
this time, similar habitats, such as hayfields and roadside ditches, have been mowed, thereby 
concentrating the birds in the remaining unmowed fragments of habitat provided by some 
waterways. This is supported by the shift in nesting peak from mid-June, which is normal 
for the species found in waterways, to mid-July, the actual nesting peak observed in the 
waterways. Also, in a recent study, banded male dickcissels were observed moving from 
alfalfa fields after mowing to unmowed waterways where they established new territories (L. 
D. IgI, Dept. of Animal Ecology, Iowa State Univ., pers. commun.) Secondly, uncut 
smooth brome has been shown to have the highest abundance of insects nutritious for young 
birds when compared with other grass types and alfalfa (Regenscheid et al. 1987). The 
predominant grass species in waterways was smooth brome; thus the increase in nest 
densities in waterways in mid to late summer may reflect the birds' preferences to select sites 
that provide an abundant food supply with which to feed their young. Warner and Joselyn 
(1986) found that ring-necked pheasant nesting success was higher in smooth brome 
roadsides than the combined nesting success in hayfields, pastures, small grains and other 
strip cover. Grass waterway habitats are comparable to roadsides, and, if left unmowed, 
ring-necked pheasant may also have similar nesting success in waterways. 
To minimize the adverse affects on birds nesting in grassed waterways, waterways 
should be clipped high (15 to 30 em) when they are mowed at the end of August or early 
September. Mowing shorter or any later than this would not allow sufficient regrowth of the 
vegetation to provide vegetative cover the following spring. Unless the waterway is being 
mowed for forage production, waterways should not be mowed annually because nest 
densities and successes were higher in waterways that were not mowed during our study and 
that had not been mowed the previous year. Annual mowing is not necessary to maintain 
grass vigor after the waterway is established, and weeds can be controlled by spot herbicide 
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spraying or mowing (S. K. Barnhart, Extension Agronomist, Iowa State Univ., pers. 
commun.) which does has a negligible effect on bird use of waterways (see Section 1). It 
must be kept in mind, however, that mowing is sometimes necessary for forage production, 
and it does create a habitat that is more suitable for some species, such as vesper and 
grasshopper sparrows. 
Another consideration in waterway management is the width of the waterway. Nest 
densities for some species were greatest in the widest waterways (15.0 to 30.0 m wide), 
which is consistent with the pattern of birds nesting in fencerows (Shalaway 1985). 
Consequently, it is important to establish and maintain waterways as wide as possible. 
The majority of the nests located in the waterways were built in forbs (Table 3). Also, 
nesting success of some species was associated with the amount of forbs present in the 
waterway. Most forbs present in waterways are invading weeds. If these plants are not 
classified as noxious weeds and are not a seed source for problem weeds in the crop fields, 
they should be left for their benefits as nesting sites and/or food sources (Martin et al. 1951). 
Waterways are sometimes planted with a legume in the grass mixture for the nitrogen-fixing 
qualities of the legume; however, this practice is often discouraged because legumes are 
short-lived, leaving bare spots exposed to erosion (U.S.D.A. 1960). Cool season grasses, 
like smooth brome, need large amounts of nitrogen which can be provided efficiently and 
naturally by the addition of alfalfa to the grass mix (Barnhart 1986). In many cases, the 
benefits of nitrogen production by the legume may outweigh the cost of bare spots. 
Although alfalfa is short-lived, it can be interseeded as its production decreases. Alfalfa also 
provides more height than other legumes recommended for waterways, and it has been 
reported to be attractive nesting habitat for many grassland species when planted alone or in a 
mixture with smooth brome (Regenscheid et al. 1987, Warner et al. 1987, Frawley 1989). 
In this study, alfalfa was one of the most commonly used nesting substrates in the 
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waterways (Table 3). Consequently, for many bird species, alfalfa would be an attractive 
addition to smooth brome plantings in grassed waterways. 
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GENERAL SUMMARY 
Forty-eight bird species were observed in waterways, compared with only 14 in the 
surrounding crop field. Red-winged blackbirds (Agelaius phoeniceus), dickcissels (Spiza 
americana), barn swallows illirundo rustica), western meadowlarks (Sturnella neglecta), 
brown-headed cowbirds (Molothrus ater), grasshopper sparrows (Ammodramus 
savannarum) and song sparrows (Melospiza melodia) were the most abundant bird species in 
the grassed waterways. Total bird abundance in the grassed waterways averaged 2,198 
birds/1oo ha compared to 682 birds/lOO ha in crop fields. 
Several waterway characteristics (e.g., grass and forb coverage, vegetation height and 
density) ·were significantly (P ~ 0.05) related to bird species richness and abundance in 
waterways. Bird use of waterways also was affected by the proximity of the waterways to 
diverted·areas and by certain agr!cultural disturbances. In fields where crop rows ran 
pexpendicular to the waterways, the increased farm vehicle disturbance in 
the waterways discouraged bird use of the waterways. Mowing, which drastically altered 
the structure of the habitat, greatly influenced bird use of the waterways; some bird species 
preferred mowed waterways, others preferred unmowed. Temporal patterns in bird 
abundance were attributed primarily to aspects of the waterways and surrounding cropland, 
such as crop and vegetation height, that changed over time. Bird abundance was greater in 
the segment of the waterways adjoining another habitat type then in segments farther from 
the edge habitat 
Ten species were observed nesting in the waterways; the red-winged blackbird (Agelius 
phoeniceus) and dickcissel (Spiza americana) were the most common. One hundred and 
seventy-one nests were found, with a nest density of 1,295 nests/lOO ha. The extended 
Mayfield method was used to determined nest success rate, which was 8.4% for red-winged 
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blackbirds and 22.0% for dickcissels. The 2 greatest causes of nest loss were predation, 
which accounted for 57% of all losses, and mowing accounting for 16% of all losses. 
Annual productivity in waterways was estimated at 1.03 young fledged/female/season for 
red-winged blackbirds, and 2.23 for dickcissels. 
Waterways may be ecological traps for the nesting bird species under current management 
practices, but nest success might be increased by delayi.ng mowing until late August or early 
September, or by not mowing annually and using spot herbicide spraying or spot mowing to 
control weeds. Delaying or eliminating mowing also is important because most (53%) of the 
species were at peak abundance in the waterways during 4 - 22 July, which is the currently 
recommended time for mowing. 
In agriCUltural lands, where birds are highly concentrated in relatively small areas of 
remaining habitat, proper management of these areas becomes increasingly important. 
Proper management may entail some different strategies and recommendations for each of 
the fragments that make up the habitat mosaic in an agricultural ecosystem. In the case of 
grassed waterways, the traditional mowing dates set for birds in grassland habitats were 
highly detrimental. Therefore, each fragment of habitat in the agricutural ecosystem must be 
considered separately, no matter how small. 
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